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A MASSIVE SULPHIDE DEPOSIT OF HYDROTHER- 
MAL ORIGIN IN SERPENTINE. 


P. J. SHENON. 
INTRODUCTION. 


Descriptions of massive sulphide deposits occurring in serpen- 
tine derived from the alteration of peridotite rocks are not abun- 
dant in the literature. Those that are described seem to be almost 
universally classed as segregations formed during the solidifica- 
tion of the inclosing igneous rock or as segregations formed dur- 
ing the process of serpentinization from minerals originally dis- 
tributed throughout the inclosing rock. These classifications may 
be correct for many occurrences of sulphide ores in serpentinized 
peridotite, but certain of the copper deposits in southwestern Ore- 
gon exhibit features of hydrothermal derivation that are entirely 
discordant with either of those modes of origin. The property 
to be described as illustrating a hydrothermal origin is known as 
the Cowboy mine. It is located 3 miles southeast of Takilma, 
Josephine County, Oregon, and is a little over one mile north of 
the California boundary. The mine is not the most productive in 
the Takilma district, but does illustrate most clearly the type of 
deposit under discussion. 

Copper was known to occur in the Takilma district as early as 
1860 but the Cowboy mine was not discovered until I900. Pro- 
duction started in 1903 and continued intermittently until 1930; 
but the most productive period was between 1928 and 1930, when 
75 cars of ore were shipped. Mr. E. H. Messenger, superin- 

1 Published by permission of the Director of the U. S. Geological Survey. 
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tendent of the mine, estimates a total production of about 100 
cars, or roughly 5000 tons, having an estimated gross value of 
about $300,000. The property is owned by the Queen of Bronze 
Mining Company, with headquarters in Grants Pass, Oregon. 


GEOLOGY. 


Rocks of igneous and sedimentary origin are about equally 
abundant in the Takilma district (Fig. 1). Consolidated sedi- 
ments of Paleozoic, Jurassic, Cretaceous, and late Tertiary age are 
represented, and unconsolidated gravels were deposited both be- 
fore and after the advent of mountain glaciation. The igneous 
rocks include a thick series of greenstones of Paleozoic or Meso- 
zoic age and later intrusive peridotite, now for the most part 
altered to serpentine. Granodiorite and other related rocks are 
found in adjacent areas. 


Sedimentary Formations. 

Paleozoic Rocks——Paleozoic rocks of sedimentary origin crop 
out as a belt about a mile wide which extends from the north end 
of the Takilma area to within a half mile of the California bound- 
ary. This belt contains also a small proportion of interbedded 
igneous rocks. The sediments have undergone considerable 
metamorphism and consist principally of chert, argillite, quartzite, 
fine-grained quartzitic conglomerate, and lentils of limestone. 
The chert contains abundant remains of microscopic radiolarians 
which, as pointed out by Diller,’ are proof of the oceanic origin 
of the material. The limestone in the vicinity of Takilma belongs 
to Winchell’s “ west belt,” * and because of its fossils is considered 
by him to be of probable Carboniferous age. 


Jurassic Rocks. 
Galice Formation.—Rocks designated by Diller as a portion of 
the Galice formation crop out in the western part of the Takilma 


2 Diller, J. S.: Mineral Resources of Southwestern Oregon. U. 
Bull. 546, p. 15, 1914. 


S. Geol. Survey 


3 Winchell, A. N.: Petrology and Mineral Resources of Jackson and Josephine 
Counties, Oregon. Mineral Resources of Oregon, Oregon Bur. Mines and Geol. 
Pub., vol. 1, No. 5, 1914. 
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district. Near Takilma the formation includes fine-grained con- 
glomerate, argillite, slate, and sandstone; in other localities Diller 
reports variously colored chert and mica and hornblende schists. 
Fossils from near the Galice district and on Cow Creek show that 
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Fic. 1. Geologic map of a part of the Takilma-Waldo district, 
Josephine County, Oregon. C, conglomerates, quartzites, argillites, radio- 
larian cherts, lentils of limestone and some interbedded greenstones of 
probable Carboniferous age; Gus, principally greenstones; Sp, serpentine 
or serpentinized peridotite; JT, Tertiary conglomerate and sandstone; O, 
fluvio-glacial deposits, placer-debris and recent alluvium. 
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the formation occurs at about the same horizon as the Mariposa 
slate of the Mother Lode region in California. 


Cretaceous Rocks. 


Rocks of Cretaceous age crop out northwest of Takilma. The 
lower of the exposed beds are largely coarse conglomerates with 
some interbedded sandstones, whereas the upper beds are almost 
entirely sandstones. In places some of the sandstone beds contain 
fossils. However, those collected do not definitely place the for- 
mation in either the upper Horsetown or lower Chico horizons 
but, as pointed out by T. W. Stanton, even in the Sacramento 
Valley, the type locality of both, the boundary between these two 
formations is not very definite.* 


Tertiary Rocks. 


Several bodies of gold-bearing conglomerate occur in the north- 
ern part of the Takilma district, chiefly on the divide between the 
East and West Forks of the Illinois River from Scotch Gulch 
northward for a distance of about 4 miles. The conglomerate 
consists of well rounded cobbles and boulders in a sandy-clay 
matrix. The matrix is abundant, and in places, particularly in 
the lower part of the formation, there are lens-like bodies of sand- 
stone. A few of the boulders are as much as 3 feet in diameter, 
but the most are less than one foot. Weathering has decomposed 
the formation to such an extent that most of the cobbles fall to 
pieces when released from the mass. Field relations indicate that 
much of the gold and platinum of the early Pleistocene and recent 
placers has been derived from this formation. 


Pleistocene Formations. 


Unconsolidated rocks probably representing at least two dif- 
ferent portions of the Pleistocene epoch occur in the Takilma dis- 
trict. At the Llano de Oro mine the Tertiary conglomerate, de- 
scribed above, passes unconformably beneath a deposit of alluvium 
that extends from that place northward beyond the limit of the 


4Letter of December 13, 1930. 
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district. The alluvium, for convenience termed the Llano de Oro 
formation, forms a low terrace between the East and West Forks 
of the Illinois River, and in addition occupies several valleys. 
The material consists mainly of poorly sorted clay and sand with 
small rock fragments and lenses of gravel, and reaches a thickness 
of over 8o feet. 

Portions of this formation constitute the most valuable un- 
worked placer ground remaining in the Takilma-Waldo region. 
It contrasts strongly with the later Pleistocene gravel occupying 
the East and West Forks of the Illinois River, which is a coarse 
bouldery deposit partly of fluvio-glacial origin. A fan of this 
alluvial material at the mouth of Rough and Ready Creek has 
crowded the West Fork of the Illinois River into the older Llano 
de Oro formation, which has thus been eroded to a cliff-like ter- 
race from 30 to 50 feet high. 


Igneous Rocks. 


Greenstones.—The term greenstone has been applied to fine and 
medium-grained altered igneous rocks, which, due to the develop- 
ment of considerable chlorite and epidote, are characterized by a 
green color. Two varieties prevail in the Takilma district : a fine- 
grained altered basalt (metabasalt) which, in most places, partly 
retains a well developed basaltic texture, and a medium-grained 
altered gabbro (metagabbro) of similar composition. Frag- 
mental and porphyritic rocks are less abundant. The greenstones 
have undergone considerable metamorphism which has resulted 
in the formation of a new mineral assemblage. Analyses show 
the rocks to be considerably more calcic than the composition of 
the feldspars would indicate and in most of them there is good 
textural evidence of recrystallization. The age of the greenstones 
in the Takilma district can not be definitely fixed. Part of them 
at least are interbedded with the Paleozoic sedimentary rocks, and, 
as pointed out by Diller, others are of Mesozoic age.* All the 
greenstones in the Takilma district are cut by peridotite, which is 
now largely altered to serpentine. 


5 Diller, J. S.: op. cit., p. 19. 
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Serpentine is abundant near Takilma. In general, the outcrops 
are more rounded than those of the other consolidated rocks, and 
areas underlain by it are characterized by sparse vegetation and a 
dark red soil. Serpentinization is well advanced in all the peri- 
dotites near Takilma, but in the less altered of them both olivine 
and enstatite occur and crystals of bastite are visible in most of 
the hand specimens. The platy variety of serpentine, antigorite, 
is the most abundant mineral although the fibrous variety, chryso- 
tile, is common, particularly along fractures. Magnetite and 
chromite are disseminated through the serpentine as grains and 
as irregular patches, and, in some places, chromite is found in 
bodies large enough to be minable under favorable conditions. 
Lenses of diopside are rather uncommon. Massive sulphide de- 
posits occur in the serpentine but always, so far as known, close 
to greenstone contacts. 

The age of the serpentine at Takilma is not very closely in- 
dicated. The Cretaceous strata are believed to overlie it uncon- 
formably because at no place was serpentine observed cutting 
these rocks, whereas serpentine is known to cut the Galice forma- 
tion. Therefore the serpentine is tentatively classified as late 
Jurassic or early Cretaceous. 


Structure. 


The pre-Cretaceous strata strike, in general, north-northeast 
and for the most part dip steeply to the southeast. They have 
been affected during several periods of deformation, but were 
most intensely deformed during the mountain-building epoch at 
the close of the Jurassic. Later deformation followed the depo- 
sition of the Cretaceous beds which, in places, are faulted and con- 
siderably folded, although less so than the older rocks. Still later 
movements are evident in the more gently deformed Tertiary con- 
glomerate near Takilma and in the folded Tertiary rocks outside 
of the Takilma district. 


ORE BODIES. 


The ore bodies at the Cowboy mine (Fig. 2) are found near 
the contact of greenstone and serpentine. The prevailing green- 











stones in 


mental \ 
A highly 
tatively 
posed in 
included 
been fot 
green a 
howeve! 
semblin 
The « 
slightly 
grayish 
grained 
from 6 
ore lim 
massivt 
stringe 
pentine 
eral th 
rangin 
increas 
lenses 
string 
have c 
increa 
undou 
proces 
depth 
Mi 
chalec 
curs 
hema 
ucts. 
calcit 
the g 





ps 
nd 


ri- 
ne 


st 


it 
)- 


l- 


l= 











A MASSIVE SULPHIDE DEPOSIT. 603 


stones in the vicinity of the ore bodies are even-grained and frag- 
mental varieties of metabasalt and medium-grained metagabbro. 
A highly altered greenish rock with large white phenocrysts, ten- 
tatively classed as porphyritic metadiorite, has recently been ex- 
posed in the lower tunnel. Numerous masses of greenstone are 
included in the serpentine near the contact and many of them have 
been found underground. ‘The serpentine is normally very dark 
green and, in general, has a high luster. Near the ore bodies, 
however, it contains much calcite and has a stony appearance re- 
sembling that of the altered greenstones. 

The ore occurs along a fault zone in serpentine as a series of 
slightly curved lens-like bodies separated and surrounded by dark 
grayish-green gougy material consisting principally of fine- 
grained felted antigorite (serpentine). The fault zone, in places 
from 6 to 8 feet wide, extends to the north and south beyond the 
ore limits. The lenses of ore are composed of rounded lumps of 
massive sulphide minerals or serpentine lumps with sulphide 
stringers, but, although the ore as mined resembles blocks of ser- 
pentine, it is easily distinguished by its greater weight. In gen- 
eral the ore lenses strike north and dip to the east at angles 
ranging from 45 to 65 degrees (Fig. 2). The angle of dip has 
increased with depth. The maximum length of the series of ore 
lenses is about 170 feet and the thickness ranges from that of thin 
stringers to 7 or 8 feet. Oxidation and secondary enrichment 
have occurred to a noteworthy extent only near the surface. An 
increase in copper content in the ore mined from the open pit was 
undoubtedly caused by secondary sulphide enrichment, but the 
process has not added materially to the copper content below a 
depth of 50 feet. 

Mineralogy.—The abundant hypogene sulphides are cobaltite, 
chalcopyrite, cubanite, sphalerite, and pyrrhotite. Chalcocite oc- 
curs as a supergene sulphide, and malachite, cuprite, tenorite, 
hematite, and “ limonite ” are the more common oxidation prod- 
ucts. In order of abundance the gangue minerals are serpentine, 
calcite, quartz, and epidote. With the exception of serpentine, 
the gangue minerals are not readily visible in hand specimens al- 
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though post-sulphide calcite is commonly evident along some 
fracture surfaces. The microscope shows, however, that calcite 
constitutes a considerable part of the ore and of the wall rocks 
next to the ore. 

Microchemical tests of the cobaltite reveal considerable iron but 
the crystal form and lack of anisotropism distinguish it from 
glaucodot. Cubanite and chalcopyrite differ considerably in color 
and degree of anisotropism and are readily distinguished from 
pyrrhotite. Sphalerite is fairly abundant and contains blebs of 
chalcopyrite or pyrrhotite oriented in cleavage directions. 

The order in which the sulphide minerals were deposited is the 
normal one as defined by Lindgren despite the fact that repetition 
occurs. There appears, however, to be a reversal in the succession 
of the gangue minerals. According to Lindgren the normal 
order of mineral deposition in deposits of this general class is 
silicates, quartz, carbonates and other gangue minerals, cobaltite, 
pyrrhotite, sphalerite, and chalcopyrite; but the order of forma- 
tion as determined at the Cowboy mine is serpentine, calcite, 
epidote, quartz, cobaltite, sphalerite, chalcopyrite and cubanite, 


pyrrhotite, sphalerite, and calcite (Fig. 3). The succession was 
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Fic. 3. Graphic illustration of mineral succession at the Cowboy mine. 


thrice interrupted by fracturing; once after the deposition of the 
gangue minerals, again after the formation of the cobaltite, and 
again following the deposition of the sulphides but before the 
deposition of the later calcite. Serpentine was developed preced- 

6 Lindgren, Waldemar: Magmas, Dikes and Veins. Trans. Am. Inst. of Min. 
and Met. Eng., vol. 74, p. 88, 1927. 
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Fic. 4. Sulphide veinlet (black) cutting veinlets of older calcite (dark 
gray) in serpentine (light gray). Thin section, parallel light, X 60. 

Fic. 5. Pyrrhotite (gray) replacing cobaltite (white) which is cut 
by veinlets of chalcopyrite. Black areas are gangue minerals. 70. 

Fic. 6. Pyrrhotite (white) replacing sphalerite (gray) along grain 
boundaries and, in part, along cleavage directions. Some of the tiny 


blebs are chalcopyrite. Black areas are holes. X 70. 
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ing the deposition of the older calcite because veinlets of this cal- 
cite clearly cut felted plates of the serpentine, thus illustrating that 
serpentinization had taken place, in part at least, before the depo- 
sition of the ore. Epidote appears to have formed after the older 
calcite, possibly in part from the reaction of hydrothermal solu- 
tions upon it. Quartz veinlets clearly cut the epidote and in turn 
veinlets of sulphides cut all three of these gangue minerals (Fig. 
4). The sulphides have replaced calcite more readily than the 
other gangue minerals, and in most places the differential replace- 
ment of calcite in preference to the other gangue minerals is 
noticeable. Cobaltite was the first sulphide mineral deposited. 
A period of fracturing followed and then later sulphides were in- 
troduced for the most part along the fractures (Fig. 8). Sphaler- 
ite is the first sulphide known to have formed after the cobaltite. 
If other sulphides preceded the sphalerite the evidence of them in 
the ores studied has been completely destroyed. Chalcopyrite and 
cubanite formed after the sphalerite and, where associated, they 
occur as blade-like intergrowths (Fig. 7). Of the two, chalco- 
pyrite is considerably more abundant. Pyrrhotite succeeded the 
cubanite and chalcopyrite. It occurs as irregular masses; as 
veinlets in or along grains of older minerals; as lentils in chalco- 
pyrite and cubanite; and as oriented blebs and laths in sphalerite. 
The latter were quite certainly formed by replacement along cleav- 
age directions in the sphalerite, since blebs and laths of pyrrhotite 
occur only where sphalerite is known to be replaced by pyrrhotite 
(Fig. 6). On the other hand, the inclusions of chalcopyrite in 
sphalerite appear to have formed by ex-solution. There is no 
apparent increase or decrease in the number of inclusions of 
chalcopyrite where different minerals replace the older sphalerite 
and, in addition, there is no apparent increase in the number of 
inclusions of chalcopyrite next to veinlets of chalcopyrite cutting 
the older sphalerite. 

Lentils of pyrrhotite cut intergrowths of cubanite and chalco- 
pyrite at various angles and in places are parallel to the inter- 
growths (Fig. 7). Some of the lentils merge into irregularly 
shaped masses, others terminate at grain boundaries, whereas still 
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Fic. 7. Veinlets of pyrrhotite cutting blade-like intergrowths of chal- 
copyrite and cubanite. Also irregular areas of pyrrhotite along grain 
boundaries. Note bending of chalcopyrite-cubanite intergrowths. Black 
areas are holes. Nicols nearly crossed. > 85. 

Frc. 8. Chalcopyrite and sphalerite in fractures in cobaltite, and 


blade-like intergrowths of chalcopyrite and cubanite cut by irregular areas 
of pyrrhotite. 
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others are isolated within grains of cubanite and chalcopyrite. 
Veinlets of pyrrhotite cut chalcopyrite and are numerous along 
grain boundaries of sphalerite and of cubanite and chalcopyrite. 
Some veinlets clearly cut across single twinned crystals of chal- 
copyrite. The more massive areas of pyrrhotite replace cobaltite, 
chalcopyrite, and sphalerite, whereas the pyrrhotite in turn is re- 
placed by a later generation of sphalerite. This sphalerite, the last 
of the sulphides to form, replaces both chalcopyrite and pyrrho- 
tite, and veinlets and masses of it traverse the boundaries of these 
two minerals. Fracturing followed the deposition of the later 
sphalerite and, at some time later, calcite was introduced along 
the fractures. 

The proportions of the different sulphides vary greatly from 
place to place. In general, the shipping ore is said to average 
about 14 per cent. copper, $1 in gold, considerable zinc, and a little 
silver. According to an unpublished private report by G. E. 
Stowell, mining engineer, a sample taken “in the Rose stope 
across a lens measuring 3 feet by 10 feet ” assayed 15.1 per cent. 
copper, 0.08 oz. gold, and 8 oz. silver. No analyses are known 
to have been made of the run-of-mine ore for cobalt, nickel, zinc, 
arsenic, or the platinum group. A partial analysis of a specimen 
of the “ boulder ” ore, in which little or no cobaltite or sphalerite 
were visible, was made by Mr. E. T. Erickson in the chemical 
laboratory of the United States Geological Survey. The results 
of the analyses are as follows: copper 18.65%, zinc 0.24%, cobalt 
0.15%, arsenic 0.1190, nickel 0.11%, chromium 0.04%. __Plati- 
num group metals (osmium, ruthenium, iridium, palladium, plati- 
num) were tested for but were not found in even small amounts 
(less than 0.01 to 0.02 oz. per ton). 


ORIGIN OF THE ORE. 
The ore bodies at the Cowboy Mine resemble the “ boulder ” 


deposits in serpentine, described by Hershey‘ in northern Cali- 


7 Hershey, O. W.: Primary Chalcocite in California. Min. and Sci. Press, vol. 
96, Pp. 420-430, 1908. 
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fornia and by Butler and Mitchell * in Curry County, southwest- 
ern Oregon, but differ from some of them in mineral constitution. 
Some of the deposits referred to contain magnetite and chalcocite 
as the principal metallic minerals and bornite, native copper, 
chromite, and oxidation products in smaller amounts. Other de- 
posits described by Butler and Mitchell ® contain chalcopyrite and 
pyrrhotite as the principal ore minerals and appear to resemble 
the Cowboy deposit very closely. In all the descriptions by Her- 
shey, Butler and Mitchell, little or no quartz or calcite is reported. 
Butler and Mitchell apparently believe that the ore minerals in 
the “ boulder ” deposits were originally distributed throughout the 
igneous rocks, but have been segregated in the positions now 


found during the changes accompanying the serpentinization of 
the containing rocks.’? For the deposits in northern California 
Hershey says : 

Perhaps the molten rock came into contact with and absorbed rocks 
containing ordinary copper deposits, thus deriving an unusual copper con- 
stituent, which was widely disseminated in certain portions of the peri- 
dotite and related basic rocks, but during serpentinization became segre- 
gated with the iron minerals. However, it remains an open question as 
to whether the segregation was connected with the solidification of the 
magmas or with the subsequent serpentinization. 


Hershey states further that his discussion is based entirely on field 
observations but that the ore is worthy of microscopic study. 

The presence of cobaltite, pyrrhotite, and chalcopyrite in a basic 
igneous rock and the apparent scarcity of quartz, calcite, or other 
gangue minerals characteristic of veins at once recall other de- 
posits that have been attributed to magmatic segregation. How- 
ever, the fact that the sulphides have been introduced along frac- 
tures into calcite, epidote, and quartz, which, as shown by the 
microscope, are abundant, points to a hydrothermal origin rather 


8 Butler, G. M., and Mitchell, G. J.: Preliminary Survey of the Geology and 
Mineral Resources of Curry County, Oregon. Oregon Bur. Mines and Geol., Min 
Res. of Oregon, vol. 2, no. 2, pp. 54-58, October, 1916. 

9 Butler, G. M., and Mitchell, G. J.: op. cit., pp. 100-105. 

10 Butler, G. M., and Mitchell, G. J.: op. cit., p. 57. 
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than magmatic segregation. According to Schwartz the pres- 
ence of chalcopyrite-cubanite intergrowths indicates a temperature 
of formation above 400° C., and probably above 450° C. 

The source of the ore minerals can only be surmised. Granitic 
rocks have been intruded into the serpentine in areas closely ad- 
jacent to Takilma and no doubt are not far beneath the surface 
in the Takilma vicinity although none were found at the surface. 
These later granitic rocks are believed by most investigators to be 
the source of many ore deposits in southwestern Oregon, par- 
ticularly of the gold-quartz veins. However, the association of 
copper deposits in serpentine or in greenstone at or close to ser- 
pentine contacts is so general in southwestern Oregon that Diller ** 
felt that the serpentine had much to do in producing the ore de- 
posits ; but he states that the serpentine itself rarely contains bodies 
of ore except copper. 

The shape of the original ore bodies is not easily interpreted. 
Tiny sulphide stringers and disseminations are found in the wall 
rocks next to the more massive sulphide ore, and stringers usually 
extend for some distance beyond the ends of the ore lenses. It is, 
therefore, believed that the original ore bodies were roughly lens- 
like in shape but that the lens shape has been accentuated by post- 
mineral movements. The strongest post-mineral movements were 
probably an accompaniment of the general deformation of the 
region, although the processes attending serpentinization, which is 
essentially a hydration process producing a considerable increase 
in rock volume, may have contributed to the stresses causing the 
adjustments. Movements resulting from stresses, whatever their 
origin, normally cause adjustments along numerous irregular frac- 
tures in serpentine, but where harder rocks are included in the 
serpentine the adjustments would tend to follow fractures passing 
around the more resistant bodies. Well-defined, slickensided 
fractures having this relation can be observed in the Cowboy mine 
next to the ore bodies and around greenstone inclusions. At- 

11 Schwartz, G. M.: Intergrowths of Chalcopyrite and Cubanite: Experimental 
Proof of the Origin of Intergrowths and Their Bearing on Geologic Thermometers. 
Econ. GEOL., vol. 22, no. 1, pp. 44-61, 1927. 

12 Diller, J. S.: op. cit., p. 20. 
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tempts have been made to follow these fractures away from the 
ore bodies, particularly the well-defined hanging-wall fracture on 
the No. 2 and intermediate levels, but the fracture tends to lose its 
identity a short distance from the ore. 

The principal events in the genesis of the ore at the Cowboy 
mine may be outlined as follows: After the peridotite rocks had 
become solid and while these rocks were deeply buried, fractures 
or lines of weakness developed parallel to the greenstone-peridotite 
contact. Ore-bearing solutions, derived either from the parent 
magma or from a younger intrusive body, forced their way along 
the more accessible parts of the fractures and deposited gangue 
and ore minerals. Serpentine was the first of the gangue min- 
erals to form. Calcite appears to have been formed next and was 
followed by epidote, which may have developed partly by the reac- 
tion of the hot solutions with the calcite. Quartz was next intro- 
duced. Following the deposition of the quartz, stresses within 
the rocks caused fracturing and these fractures controlled in a 
large measure the deposition of the sulphides that followed. 
Cobaltite was the first sulphide introduced. It was fractured and 
the later sulphides were introduced along the fractures. Sphal- 
erite was the first sulphide to form after the cobaltite. It was 
followed without interruption by chalcopyrite and cubanite, pyr- 
rhotite, and late sphalerite. The cubanite was probably deposited 
as a solid solution in chalcopyrite but separated out during cooling 
as bladelike intergrowths when the proper temperature was 
reached. The occurrence, late in the series, of pyrrhotite fol- 
lowed by sphalerite probably indicates a recurrence of higher tem- 
perature conditions before the succession was completed. Frac- 
turing followed the deposition of the sulphides, and the younger 
calcite was introduced along the fractures. Eventually the de- 
posits were exposed by erosion, which recently has kept pace fairly 
well with oxidation and downward sulphide enrichment, as there 
is very little evidence of either below a depth of 50 feet. 


ECONOMIC CONSIDERATIONS. 


Due in a large measure to the nature of the deposits, very little 
reserve ore is blocked out at the Cowboy mine. Because of the 
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irregular outline of the ore bodies, development and mining neces- 
sarily proceed simultaneously; in other words, it is necessary to 
mine the ore in order to delineate its outline. The present ore 
shoot has been followed downward on its dip for about 170 feet 
and within this distance six major lenses have been found; with 
further prospecting downward it seems likely that others will be 
discovered. The feasibility of further prospecting down the dip 
will, however, depend upon the demand for copper. The ore body 
on the No. 2 level is shorter horizontally than on the levels above 
but there is no reason to suspect that the ore will end abruptly at 
this point. Thus far prospecting has not revealed a series of 
lenses in horizontal alignment on the No. 2 level, despite the fact 
that prospecting has been done along the fault in which the ore 
occurs. However, if the genesis of the ore is correctly inter- 
preted, there is no reason to believe that other lenses do not exist 
at the Cowboy mine in the unexplored ground in the immediate 
vicinity of the proved ore. Recent work on the East Cowboy has 
disclosed oxidized copper ore of good grade, and, when the copper 
market justifies the expenditure, this deposit appears worthy of 
prospecting. 

Except for the shallow zone of oxidation and secondary enrich- 
ment, the ore at the Cowboy mine is hypogene and, therefore, any 
ore that may be found for some little distance below the No. 2 
level can not be expected to differ greatly from that already mined. 
Furthermore, the mineralogy and metal content of any undiscov- 
ered ore bodies that may exist in the immediate vicinity should 
not differ greatly from those already known. 
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THE OCCURRENCE OF ANDALUSITE AND RELATED 
MINERALS AT WHITE MOUNTAIN, 
CALIFORNIA. 


PAUL F. KERR. 


INTRODUCTION. 


Tue andalusite mine near White Mountain, California, is at 
present the only andalusite mine of commercial importance in the 
United States.* It is located four and one-half miles east of 
Shealy siding, between Bishop, California, and Goldfield, Nevada. 
The deposit occurs on the west slope of the second highest moun- 
tain in the United States and is ten miles from the California- 

















Fic. 1. The andalusite mine is located in Mono County, California, 
east of the Sierra Nevada Mountains and on the west side of White 
Mountain. 


Nevada line (Fig. 1). The main mine plant is located about 
9000 feet above sea-level. All the commercial ore known at pres- 


1 Jeffery, J. A., and Woodhouse, C. D.: A note on a deposit of andalusite in 


Mono County, California; its occurrence and technical importance. “ Mining in 


California,” Calif. Bur. Mines, vol. 27, no. 3, 1931, pp. 459-464. 
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ent is included in nine claims owned by Champion Sillimanite, Inc., 
which range from 7500 feet to almost 10,000 feet above sea level.* 

The mine workings are located along the face of a cliff on the 
west side of White Mountain (Fig. 2). The principal mine is 
on the north side of Dry Creek Canyon, White Mountain Quad- 
rangle. Operations are carried on mainly from one level, al- 
though the arrangement of stopes is irregular, due to the extreme 
irregularity in the andalusite concentrations. The ore is hand- 
sorted, and carried by mule-back down the mountain. A mixing 
platform is maintained at Shealy, where an even tenor of andalu- 
site content is assured for shipment to the factory in Detroit. 
The quality of the ore is estimated by means of specific gravity. 
Jolly balances have been installed, and these are constantly used 
to maintain a specific gravity of approximately 3.01 to 3.06. It 
has been found in practice that the alumina and silica content of 
commercial andalusite varies with the specific gravity, and the 
quality of the shipment can be estimated closely by means of 
Jolly balance determinations. This method of examining samples 
has been found more economical than by chemical control. 

The deposit of andalusite in the mine now worked was dis- 
covered by Dr. J. A. Jeffery, President of the Champion Porcelain 
Company. The discovery was the result of a carefully planned 
prospecting campaign designed to locate commercial andalusite. 
Knopf had previously mentioned the occurrence of andalusite in 
the White Mountains.* Dr. Jeffery had considerable difficulty 
locating the andalusite mass described by Knopf. He made two 
trips to Mono County before he found it, as there had been heavy 
cloudbursts and all trails were partially obliterated. When he 
did find it, however, the ore proved to be too low grade to be of 
any value in the manufacture of spark plug cores. The cores 
made from this material were not as good as those of artificial 
sillimanite (mullite) made from alumina and clay. On a third 
trip to Mono County Dr. Jeffery chanced upon a boulder of 


2 Another claim, owned by Mr. Moreau, about one mile down the canyon from 
the lower holdings of Champion Sillimanite, Inc., is now undergoing development. 
3 Knopf, A.: An Andalusite Mass in the Pre-Cambrian of the Inyo Range, Cali- 


fornia. Jour. Wash. Acad. Sci., vol. 7, 1917, pp. 549-52. 
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andalusite in the bottom of the canyon. A week later, after sys- 
tematically combing the hillsides on foot in a rugged area, he 
discovered andalusite on the cliff where the mine is now located.‘ 
Since that time, claims Vulcanus 8 and g, of lower grade andalu- 
site, have been located on the opposite side of the canyon (Sec. 
8; R33E; T4S) known as Dry Creek Canyon. 

The andalusite mine is owned and operated by the Champion 
Sillimanite, Inc. The ore is shipped to the Champion Porcelain 
Company of Detroit, Michigan, a subsidiary of the Champion 





Fic. 2. Looking up the canyon wall toward the cliff on which the 
andalusite occurs. The mine buildings, which were transported on mule- 
back, are located at the head of a narrow gorge. (The camera was tilted 
upward to take this view.) 


Spark Plug Company. It is used in the manufacture of spark 
plugs, high-grade porcelain, and special refractories. Due to the 
unusual thermal properties of andalusite, porcelain made from 
this mineral has superior strength and shock resistance, and 


4 An account of the discovery of the deposit has been given in editorial comment 
and several letters published by the Engineering and Mining Journal-Press, vol. 120, 
1925, pp. 201, 663, 778, 822, and 982. 
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forms an exceptional insulator at high temperatures. These fac- 
tors are especially important in the manufacture of spark plug 
porcelain.° 

It is evident that andalusite must be particularly suitable to 
warrant what is necessarily an expensive mining venture. No 
definite price is placed upon the ore, although a few small lots 
have been sold at a price of $100 per ton. The distribution of 
the andalusite is so erratic that estimates of the life of the prop- 
erty are impossible. For several years, however, mining opera- 
tions have had little difficulty in keeping ahead of factory 
demands. 
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GENERAL GEOLOGIC RELATIONS. 


The andalusite occurs in irregular segregations in a lenticular 
quartz mass which forms the prominence shown in Fig. 2. The 
rock has been classed as a quartz keratophyre by Melhase.*® 


5 Porcelain made from andalusite and related minerals is generally sold under 
the trade name “ sillimanite.” 
6 Melhase, John: Eng. Min. Jour.-Press, vol. 120, 1925, p. 92. 
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Jeffery and Woodhouse, however, have recently considered it to 
be sedimentary in origin.‘ A narrow thickness of sericite schist 
occurs on either side of the quartz mass. Andalusite does not 
occur in the schist, but is limited to the quartz, as indicated in 
Fig. 3. A considerable thickness of fine-grained tourmaline 

















Fic. 3.. Sketch section prepared from field notes showing the relation- 
ship between the andalusite mass and the adjacent country rock. Length 
of section about 2000 feet. 


schist occurs on the east side of the sericite schist; beyond this 
is a mass of intrusive porphyry, and beyond that, in turn, is a 
thick ledge of quartz intruded by porphyry. The metamorphic 
rocks have been assumed to be pre-Cambrian, based upon Knopf’s 
work in the Inyo Range. 

A large portion of the quartz contains andalusite. Only 
limited areas, however, contain enough of the mineral to warrant 
exploitation. These areas are irregular in shape, and are confined 
to a zone that varies roughly from 10 to 50 feet in thickness, and 
dips inward along the cliff at angles from 55° to g0° (Fig. 4). 
It has been exposed for a length of 500 feet in the main workings, 
and also in other openings at a higher elevation on the mountain. 


7 Jeffery and Woodhouse: Mining in California. Calif. Bur. Mines, vol. 27, no. 
3, 1931, PP. 450-464. 
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The main workings consist of the North stope, the Big stope, 
and the South stope (Fig. 4). The band of andalusite continues 
north over the hill about 1000 feet to a small pit, called locally, the 
C.P. stope, which has produced the highest grade andalusite in the 
deposit. The andalusite from this stope is referred to as C.P. 
andalusite; the material, however, is not chemically pure, since 
pyrophyllite and diaspore are commonly mixed with the andalu- 

















Fic. 4. Diagram illustrating the location of the andalusite zone in the 
quartz mass. Most of the commercial andalusite mined has come from 
the openings shown in this view. 


site. Several hundred feet higher, in the same quartzitic rock, 
are the top of the hill workings. This is the extreme northerly 
occurrence of economic andalusite. 

The two claims Vulcanus 8 and 9, west of Dry Creek Canyon 
contain andalusite in a quartzitic rock. It is uncertain whether 
this is the same quartzitic mass that occurs at the main mine. 
The mass cannot be traced continuously across the canyon bot- 
tom, although it is similar in nature, and is likewise associated 
with sericite schist on either side (Fig. 3). Tourmaline schist 
occurs below the andalusite body in the vicinity of Vulcanus 8. 


Minerals of the Deposit. 


Although andalusite is the outstanding mineral of the deposit, 
there are, in addition, numerous associated minerals. The 
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majority of these contain alumina and silica, and aside from ex- 
cessive quartz, it is not necessary to separate such constituents 
from the commercial andalusite before shipment. 

The common associated minerals are corundum, quartz, mus- 
covite, pyrophyllite, diaspore, alunite, rutile, and lazulite. The 
mixture is such that a typical chemical analysis from a sample 
representing a carload lot recalculated on an Al.SiO; basis has 
been known to record over go per cent. Al,SiO;.° 








Fic. 5. X-ray diffraction patterns of a group of minerals from the 
deposit at White Mountain, California. 


In addition, zircon, topaz, tourmaline, titanite, ilmenite, hema- 
tite, leucoxene, calcite, barite, pyrite, jarosite, limonite and sul- 
phur have been found in various parts of the deposit. 

A separate description of each of the most significant minerals 
of the deposit is given in the following pages. The relationship 


8 Riddle, F. H.: Mining and Treatment of the Sillimanite Group of Minerals 


(and their Use in Ceramic Products). Amer. Inst. Min. & Met. Eng., Tech. Pub. 
no. 460, 1932. 
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of these minerals to each other presents a most interesting 
chronicle of the processes operating in the formation of the 
andalusite mass. 

X-ray Diffraction Studies—xX-ray diffraction patterns have 
been found useful in supplementing optical studies of the min- 
erals, and have been taken of all the important minerals of the 
deposit that could be separated in sufficient purity to give a 
reliable photograph. Several of the patterns taken are illus- 
trated in Fig. 5. 

Standard patterns for comparison have been obtained by taking 
several powder photographs of each mineral suspected, making 
comparisons with the patterns of pure material from two or 
more recognized localities. Wherever possible, material previ- 
ously described and analyzed chemically has been used for com- 
parison. Through the use of such a method, which might be 
termed «x-ray identification by multiple comparison, reliable iden- 
tification may be secured in many instances without direct re- 
course to chemical analysis. 

Commercial Andalusite——Andalusite from the California de- 
posit was first definitely identified by Schaller ®° who examined 
material collected by Knopf. Schaller determined the indices of 
refraction (a = 1.631, 8 = 1.635, and y = 1.642) and demon- 
strated by means of chemical analysis that the mineral was com- 
posed entirely of alumina and silica. 

An analysis of a representative sample of commercial andalu- 
site by Mr. A. Rautenberg, recomputed on the basis of 100 per 
cent., is as follows: 





LS 6 eae ee en ee 1.15 
URE a ciw te ae nds 6 aia 6 wipe ents 49.05 
PADS, co iio sewing olde aves wraps wyelateve 44.59 
NR oo Stab wie oi: etatewsneaaaateh 2.59 
LID, C Fe ne 75 
GRO 54. ones awsctsrndaecew ses So 26 
RE Es 8 oh a cin ak Sverins alate 5 Steam 54 
MO - 3s obec sneer dees eeu 31 
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| a 0 a a 70 

100.00 
IGANG v0 .0s clas oenscaseew sie 4.46 
(SO, 1.24) 


® Knopf, Adolph: An Andalusite Mass in the pre-Cambrian of the Inyo Range, 
California. Jour. Wash. Acad. Sci., vol. 7, 1917, pp. 549-52. 
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The analysis furnishes an idea of the composition of the andalu- 
site concentrations. 

The most common associate of andalusite in the deposit is 
quartz, and one of the chief problems in mining is to secure 
andalusite as free as possible from this mineral. Quartz is 
usually removed by hand sorting. A considerable area contain- 
ing andalusite, but lying outside the zone of economic mining, is 
not suitable because of the large amount of admixed quartz. 

Several grades of andalusite mixtures are mined. These may 
be referred to as typical spark plug andalusite, C.P. andalusite, 
and refractory material. The andalusite mixtures from the Big 
Stope, South stope, and the top of the hill are more or less similar. 
Each consists essentially of massive light gray, bluish gray, or 
greenish gray andalusite associated principally with quartz, 
pyrophyllite, muscovite, and rutile. Lazulite and blue corundum 





Fic. 6. A radiating crystalline mass of unusually pure andalusite. 

Fic. 7. Radial andalusite replaced in the central portion by pyrophyllite. 
/ I Y P) ) 

Fic. 8. Interlocking rhombic crystals of andalusite. 


are also commonly present. The andalusite mixture of this 
character is typical spark plug material. 

The so-called C.P. andalusite (Figs. 6, 7) is pale green in color, 
and occurs in coarse radial masses associated with diaspore, 
muscovite, and pyrophyllite. In the C. P. stope, dike-like bands 








of alm 


inches 
quartz 
Also, : 
lar m: 
compa 
The 
abund 
line f 
andal 
lite, o 
rhom 
Or 
{oor 
patch 
pyrit 
entir 
brou: 
quar’ 
pear: 
In 
com! 
are 
by F 
face 
X 
onst 
and 
Wh 
thos 
List 
cast 
and 
err 





may 
site, 
Big 
ilar. 
, or 
rtz, 


lum 


ite. 


or 


> 


re, 








OCCURRENCE OF ANDALUSITE IN CALIFORNIA. 623 


of almost pure, pale green, radial andalusite, varying from a few 
inches to several feet in thickness, cut through the massive white 
quartz. These may be bordered on either side by pyrophyllite. 
Also, segregations of andalusite penetrate the quartz in an irregu- 
lar manner. ‘The andalusite in this portion of the deposit is 
comparatively free from other associated minerals. 

The most unusual andalusite, although not found in sufficient 
abundance to be of commercial importance, is the coarse crystal- 
line form (Fig. 8). Interlocking crystals of coarsely crystalline 
andalusite, coated with sericite and isolated crystals of blue lazu- 
lite, occur in a tunnel beneath the south stope. The crystals are 
rhombic in cross-section, and prismatic in habit. 

Oriented thin sections of andalusite crystals were cut parallel to 
{oor}, {oro} and {100}. The crystals contain numerous cloudy 
patches of quartz with fine inclusions of zircon. Specks of 
pyrite also occur in the quartz. Rutile is scattered through the 
entire section. An unusual feature of the andalusite crystals 
brought out by these sections is the extensive replacement by 
quartz. This has occurred without disturbing the external ap- 
pearance of the crystals. 

Individual crystals of andalusite several inches in length are 
commonly found lining the borders of miarolitic cavities. They 
are elongated, singly terminated, rhombic prisms, as described 
by Peck.*® The crystals, however, may be modified by additional 
faces corresponding to {oIT}. 

X-ray diffraction patterns of andalusite from California dem- 
onstrate that the mineral has the same internal structure as 
andalusite from a number of other localities. Patterns of the 
White Mountain mineral (Fig. 5) have been compared with 
those from Minas Geraes, Brazil; Westford, Massachusetts ; 
Lisens, Tyrol; and the Black Hills of South Dakota, and in each 
case they are identical. Measurements of the X-ray patterns of 
andalusite (Table I) also agree, within the limits of experimental 
error, with figures previously recorded by Norton.” 

10 Peck, A. B.: Note on Andalusite from California. Amer. Min., vol. 9, no. 6, 
1924, pp. 123-120. 


11 Norton, John T.: An X-ray Study of Cyanite and Andalusite. Jour. Amer. 
Ceram. Soc., vol. 8, no. 10, pp. 636-639, 1925. 
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Corundum.—The corundum in the deposit is pale sapphire-blue 
in color. It commonly occurs in nodular masses measuring from 
one to three inches in diameter. These contain corundum inter- 
grown with quartz and muscovite. On the Moreau claim, cor- 





). Corundum crystals in a ground mass of muscovite 
and pyrophyllite. The lamellar structure of the plates is indicated by the 
extinction. Crossed nicols, 17. 

Fic. 10 (below). Lazulite showing polysynthetic twinning, filling a 
space between two andalusite crystals. Both andalusite and lazulite con- 


Fic. 9 (above) 


tain patches of quartz. Crossed nicols, & 17. 


undum occurs in tabular plates associated with topaz, muscovite, 
pyrophyllite, rutile, and andalusite (Fig. 9). The tabular cor- 
undum is made up of central pleochroic sapphire-blue layers with 
colorless bands on either side. 
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Although small specks of corundum are widely distributed, the 
mineral does not appear to be as common an associate of andalu- 
site as might be expected. It is a desirable mineral, however, 
since it adds to the alumina content of the commercial andalusite. 

X-ray diffraction patterns (Fig. 5) of the corundum from the 
main workings agree with similar X-ray patterns of corundum 
from other localities, and in addition, measurements (Table I) 
agree with x-ray diffraction measurements of a-alumina (cor- 
undum) recorded by Harrington.” 

Diaspore—Diaspore commonly occurs associated with andalu- 
site and pyrophyllite. The mineral forms compact, cleavable 
masses either light bluish green or yellowish brown in color. 
Ordinarily it is embedded in andalusite or occurs in veinlets with 
pyrophyllite. The diaspore resembles the surrounding andalusite 
to such an extent that it is often difficult to recognize in the field. 
A more perfect cleavage than andalusite, however, helps to dis- 
tinguish it from that mineral in hand specimens. 

Radiating crystalline masses of the so-called C.P. andalusite 
commonly contain considerable amounts of diaspore. Traces of 
the mineral have also been observed in specimens from other 
parts of the workings where pyrophyllite is likewise abundant.’ 
Both minerals ordinarily form a mixed group either along the 
borders of andalusite masses or partially enclosed within areas of 
the latter mineral. 

Diaspore has been identified by means of its optical properties 
and by X-ray studies. X-ray diffraction patterns (Fig. 5) agree 
with X-ray diffraction patterns of diaspore from Mramorskoi in 
the Ural Mountains; Chester, Massachusetts; and Rolla, Mis- 
souri. The measurements of an X-ray diffraction pattern of 
diaspore are given in Table I. The patterns appear to agree with 
X-ray diffraction patterns of diaspore and synthetic diaspore pub- 
lished by Boehm.** The pattern, however, does not agree with 

12 Harrington, E. A.: X-ray Diffraction Measurements on Some of the Pure 
Compounds Concerned in the Study of Portland Cement, Amer. Jour. Sci. (5), vol. 
13, PP. 467-479, 1927. 

i2a A large quantity of diaspore has been discovered since this was written. 


13 Boehm, J.: Uber Aluminium und Eisenhydroxyde. Zeits, f. anorg. Chemie, vol. 
149, pp. 203-216, 1925. 
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the x-ray diffraction pattern of the natural aluminum mono- 
hydrate of Boehm or the boehmite of J. de Lapparent.* 

The indices of refraction of diaspore have been determined as 
follows: 


sive, P=—i1719o, y= 1942-(-+ 065), 
y-a = O41. 


Fragments of the mineral show perfect cleavage in one direction 
with an equally prominent parting at right angles and traces of 
cleavage parallel to prism faces. The fragments show negative 
elongation. The material is optically positive, the axial angle is 
large, and p< v (weak). Occasionally skeleton outlines of ap- 
parently orthorhombic crystals appear in fragments. 
Rutile-—Analyses of representative samples of large shipments 
of commercial andalusite from California occasionally record as 





much as 2.50 per cent. TiO.. It is probable that in such cases 
the titanium oxide is almost entirely due to rutile, although traces 
of leucoxene occur in the deposit, and both ilmenite and titanite 
occur in the country rock in considerable quantities. On the 
other hand, rutile is the titanium mineral commonly associated 
with andalusite. It commonly occurs in brown specks not more 
than I mm. in diameter, thickly scattered through the andalusite 
mass. The C.P. andalusite, however, appears to be free from 
rutile. Rare crystals of rutile that measure from one quarter of 
an inch to an inch in length have been found in the Moreau claim. 
These are combinations of simple forms consisting of the usual 
prisms and bipyramids. 

X-ray diffraction patterns of rutile (Fig. 5) from the White 
Mountain locality have been found to agree with x-ray diffrac- 
tion patterns of rutile from Blumberg, S.- Australia, White Plains, 
North Carolina, and Magnet Cove, Arkansas. The patterns have 
been measured (Table I). 

Pyrophyllite occurs in radiating masses, in segregated areas, 
and along fractures in both quartz and andalusite. It is usually 


14 Note de Jacques de Lapparent (L’alumine hydratée des bauxites). Transmise 
par M. Pierre Termier. Compt. Rend., Acad. des Science de Paris 184, 1927, pp. 
1661-2. 
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mixed with muscovite, or associated with diaspore. Veinlets of 
pyrophyllite cut andalusite, and masses of andalusite have been 
replaced by pyrophyllite in numerous instances. 

X-ray diffraction patterns of the mineral (Fig. 5) have been 
found to agree with patterns of pyrophyllite from Hemp, North 
Carolina, described by Stuckey.*® Measurements of the X-ray 
diffraction pattern of pyrophyllite are given in Table I. The 
material used for comparison was secured from specimens kindly 
furnished by Dr. Stuckey. 

Muscovite——A number of x-ray diicertion patterns of the 
mica from the California deposit having different habits have been 
taken and compared with muscovite. Muscovite samples used 
for comparison have consisted of the following: sericite, from 
Deep River, North Carolina, and Napoleon Mine, California; 
ag “Sh from Embudo, New Mexico; muscovite, clear cleav- 

, Pennsbury, Penna. ; muscovite, curved, Branchville, Conn. 

The sericite from Deep River, North Carolina *® is a dense 
variety resembling fine pyrophyllite. The specimen used for 
comparison was secured through the courtesy of Dr. J. L. 
Stuckey 

A sample of the sericite from the Napoleon Mine, California, 
described as a typical sericite,** has been secured for x-ray ex- 
amination and comparison through the kindness of Dr. A. F. 
Rogers of Stanford University. 

The muscovite from Embudo, New Mexico,"* although purple 
in color, is very pure, and shows little chemical or optical varia- 
tion from normal muscovite. The material used for comparison 
was kindly furnished by Dr. Clarence S. Ross of the United 
States Geological Survey, who made the optical determinations 
to accompany the chemical study by Schaller and Henderson. 

The muscovite samples from the well known localities, Penns- 


15 Stuckey, J. L.: Pyrophyllite Deposits of the Deep River Region of North 
Carolina. Econ. GEOoL., vol. 20, p. 458, 

16 Stuckey, J. L.: op. cit. 

17 Rogers, A. F.: Sericite, a Low Temperature Hydrothermal Mineral. Econ. 
GEOL., vol. 11, pp. 118-150, 1916. 

18 Schaller, W. T., and Henderson, E. P.: Purple Muscovite from New Mexico 
Amer. Min., vol. 11, no. 1, pp. 5-16, 1926. 
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bury, Pennsylvania, and Branchville, Connecticut, were taken 
from the Egleston Collection of Columbia University. As nearly 
as can be observed, the five samples give the same x-ray diffrac- 
tion pattern. The pattern is, therefore, assumed to be correct 
either for sericite or for muscovite. All the various forms of 
white mica from White Mountain that have been examined also 
give the muscovite x-ray pattern (Table I). 

From analyses of the commercial andalusite it appears that 
potassium is the only prominent alkali element. Since other 
minerals in the deposit do not contain alkali elements, it is prob- 
able that the alkali content is entirely due to muscovite. 

From the standpoint of use in ceramic ware, it is probably a 
fortunate circumstance that the mica is muscovite, potash mica 
being more satisfactory as a natural flux for the manufacture of 
spark plug porcelain than the other varieties. 

Alunite-—Specimens of corundum and andalusite containing 
massive pink or brown alunite have been found in a number of 
places. The alunite is commonly in intimate association with 
muscovite, lazulite, and pyrophyllite. 

The optical properties determined by means of crushed frag- 
ments are as follows: @ = 1.587; ¢—= 1.608 + .003; e-w = 
021; uniaxial positive; excellent cleavage parallel to (0001). 
With the exception of one faint additional line, x-ray diffrac- 
tion patterns of the mineral (Fig. 5) agree with x-ray diffraction 
patterns of alunite from Japan and from Marysvale, Utah. The 
indices of refraction are also slightly high for normal alunite. 
Table I gives the x-ray diffraction measurements for alunite.*** 

Lazulite——Lazulite occurs in fine blue specks or small crystal 
groups in many parts of the deposit. Striking blue crystals em- 
bedded in white quartz and measuring from one to two inches in 
length occur at the Vulcanus claims. This mineral probably 
accounts for the P.O; nearly always reported in analyses of the 
commercial andalusite mixture. Areas of this mineral border 
and penetrate andalusite crystals. Thin sections exhibit poly- 
synthetic twinning between crossed nicols (Fig. 10). Lazulite 


18a It is probably natroalunite, although the relative soda and potash have not 
been determined. 
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is often partly replaced by quartz, which occurs in patches 
throughout the mineral. 

X-ray diffraction patterns of lazulite from White Mountain 
(Fig. 5) have been compared with x-ray diffraction patterns of 
lazulite from Graves Mountain, Georgia,” and lazulite from 
Minas Geraes, Brazil.*” The measurements of the x-ray diffrac- 
tion pattern are recorded in Table I. 

All the common specks of blue occurring in association with 
the andalusite in the deposit appear to be lazulite. Lazurite has 
been mentioned by Melhase as occurring in the deposit but has 
not been observed in this study even among a large number of 
carefully collected specimens. According to Winchell ** the oc- 
currence of lazurite under the conditions described at this locality 
would be unusual since he reports that it “ occurs exclusively in 
contact-altered limestone.” 


Country Rock. 


The country rock in the immediate vicinity of the andalusite 
mass consists of quartz-sericite schist, quartz-mica-tourmaline 
schist, and porphyry. Both types of schist represent the meta- 
morphism of earlier igneous rocks, probably in part trachyte flows 
and in part porphyry (Fig. 11). Although quartz, mica, and 
tourmaline are now the principal constituents, the accessory min- 
erals and structure of the schist suggest the character of the 
earlier rocks. 

The sericite schist forms a narrow zone adjoining the quartz 
mass. It consists of a mixture of fine sericite and quartz with 
local muscovite and the accessory minerals lazulite, rutile, titanite, 
and leucoxene. The leucoxene areas usually consist of fine- 
grained mixtures of titanite, largely replaced by leucoxene. 
Lazulite is a rare constituent of the sericite schist. In a number 
of instances, however, the lazulite shows evidence of being re- 


19 Watson, T. L.: Lazulite of Graves Mountain, Georgia. Jour. Wash. Acad. 
Sci., vol. 11, pp. 386-391, 1921. 

20Gem lazulite from Brazil secured through the kindness of Mr. Walter F. 
Anderson of Rio de Janeiro, Brazil. 

21 Winchell, A. N.: Elements of Optical Mineralogy, Part 2, 2d ed., New York, 
P. 344, 1927. 
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placed by the quartz-sericite groundmass; crystals of lazulite 
showing uniform extinction between crossed nicols are now 
broken into aggregates by replacement, suggesting that hydro- 
thermal alteration continued later in the schist than in the andalu- 
site zone. 





Fic. 11 (above). Country rock composed of fine sericite and quartz 
with dark streaks of tourmaline and ilmenite. The structure suggests 


replacement of a flow rock. X 17. 
Fic. 12 (below). Crumpled quartz-sericite-tourmaline schist. Note 





the needle-like tourmaline crystal bent around a patch of ilmenite (black). 


Tourmaline schist occurs both as a fine-grained sheared and 
crumpled gray schistose rock, and as a platy light gray schist with 
small needles of visible tourmaline. The first type is found near 
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the main workings on the outer edge of the sericite zone, and 
the second occurs below the Vulcanus claims. The essential con- 
stituents are quartz, tourmaline, and sericite. Prominent acces- 
sory minerals are ilmenite, rutile, titanite, and leucoxene. Be- 
cause of irregular boundaries of tourmaline showing invasion and 
replacement by titanite, it appears that ilmenite and titanite are, in 
part at least, later than tourmaline. The titanium minerals make 
up a substantial portion of some rock specimens in the vicinity 
of the Vulcanus claim. A striking feature of the tourmaline 
schist in the vicinity of the main andalusite mass is the intense 
deformation of the rock which occurred after crystallization, 
since tourmaline crystals have been bent and even folded by the 
process (Fig. 12). 

The intrusive porphyry is composed essentially of the alkali 
feldspars, microcline, and orthoclase, with minor quartz. Streaks 
of green biotite and actinolite are also prominent. Later calcite 
and epidote occur. ‘The titanium minerals, rutile, ilmenite, and 
titanite are abundant. Crystals of ilmenite with borders of 
titanite are evident in many thin sections. Accessory apatite and 
lazulite occur in small amounts. 

Several specimens were collected during a visit to the property 
in the summer of 1931. Later, these were supplemented by other 
specimens furnished by Mr. C. D. Woodhouse. All exhibit 
features worthy of further study, accompanied by more elaborate 
collecting and detailed mapping. Specimens available, however, 
indicate several features of interest. The intrusive porphyry is 
evidently composed of feldspars commonly deficient in lime and 
high in alumina and potash. Titanium is a common accessory 
both in the intrusive and in the andalusite mass. The unusual 
mineral, lazulite, in addition to its occurrence in the andalusite 
zone and in the sericite zone, is present in the porphyry. This 
occurrence, together with the abundance of titanium minerals, in- 
dicates a wave of mineralization extending from the porphyry 
into the andalusite mass. It is particularly evident that the late 
stages of metamorphism affected both. The direct connection 
between the intrusive and the formation of earlier andalusite is 
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not as clearly shown. It seems reasonable to believe, however, 
that the early metamorphism was also a result of the intrusion of 
the porphyry. 

The schistose rocks appear to have been formed along with the 
mineralization of the andalusite mass. The tourmaline in the 
schist was probably formed during the early metamorphism. 
Later in the hydrothermal stage, recrystallization to the present 
quartz-sericite aggregate occurred. A sheared zone in the tour- 
maline schist occurs near the intrusive. This zone, together with 
the mineralization, suggests that the intrusive has been responsible 
for the formation of the various types of metamorphic rocks. 


Contact-Metamorphic and Pneumatolytic Stage in the Formation 
of the Deposit. 


A study of thin sections reveals two stages in the replacement 
of the original rock. The first may be termed the early meta- 
morphic; the second, the stage of hydrothermal metamorphism. 
The first was evidently closely connected with igneous invasion 
of adjacent rock with accompanying pneumatolytic action; the 
second marked the progressive dying out, or progressive removal 
of igneous influence. 

In the first stage, the aluminous minerals andalusite, corundum, 
and diaspore were formed, and in the second stage, pyrophyllite, 
muscovite, alunite, and lazulite were the principal aluminous prod- 
ucts. Criteria of alteration and replacement of the first group 
by the second point to the separation of the two stages. The 
duration of the gap between the two, however, appears to have 
been short. In fact, if one part of the deposit is compared with 
another, the two stages probably overlapped. 

Corundum was probably the earliest of the minerals to crystal- 
lize. Thin sections of andalusite contain skeleton crystals of 
corundum (Fig. 13). Isolated patches of corundum, with uni- 
form optical orientation, follow in outline former crystal bound- 
aries. The spaces between these patches, now andalusite, were 
probably once corundum. On the other hand, there is no evidence 
such as fracturing and penetration, veinlets, or other phenomena, 
to indicate a cessation of mineralization between the crystalliza- 
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tion of corundum and andalusite, or yet again between andalusite 


and diaspore. 


Needles or lath-like crystals of diaspore penetrate otherwise un- 


broken areas of andalusite (Fig. 14). These crystals are be- 
lieved to belong to the same early stage of mineralization, how- 





Fic. 13. Skeleton crystals of corundum in andalusite. X 10. 


Fic. 14. Diaspore penetrating andalusite and being replaced by pyro- 
phyllite. Io. 

Fic. 15. Granular topaz cut by veinlet of alunite and muscovite. Dx 10. 

Fic. 16. Andalusite cut by veinlets of pyrophyllite. > Io. 

Fic. 17. Andalusite first, partly replaced by diaspore, which was 
later replaced in part by pyrophyllite. Later alunitization probably re-° 
sulted in partial replacement of each of the other minerals. >< 10; 


Fic. 18. Andalusite considerably replaced by alunite, and even mus- 
covite also partly replaced. > Io. 
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ever, because they have the same coarse crystal habit, and form 
an interlocking crystal mass with andalusite. 

Diaspore is evidently a mineral that may be formed either by 
hypogene or supergene action. In the emery deposits of Chester, 
Massachusetts,” it is probably hypogene. Cross,** however, in 
his discussion of the Rosita Hills in Colorado, looked upon 
diaspore as a supergene mineral due to the destruction of alunite 
by solutions made acid by decomposed iron sulphides. The dia- 
spore of the flint clays of Missouri ** is probably also supergene. 
On the other hand, from a description of pyrophyllite, sericite 
and alunite associated with diaspore on Vancouver Island, British 
Columbia, by Clapp * one would infer that the mineral could be 
of hydrothermal origin. It is presumed, in the case of the White 
Mountain diaspore, that the mineral began to form toward the 
close of the early metamorphism of the deposit. 

While the crystallization of corundum, andalusite, and diaspore 
was taking place, quartz, rutile, pyrite, topaz, and tourmaline were 
likewise undergoing crystallization in the immediate vicinity in 
the country rock, and commonly even within the andalusite mass 
(Fig. 15). Clear cubic crystals of pyrite, for example, occur 
embedded within solid andalusite. Rutile occurs disseminated in 
practically all stages of the early mineralization, and is as widely 
distributed as quartz, although in much smaller amount. Small 
amounts of granular topaz have also been found in the ore body, 
and in places the topaz is penetrated by tourmaline. 

At the time the above crystallization was taking place within 
the aluminous mass, the country rock was undergoing intense re- 
crystallization. Tourmaline, sericite, muscovite, ilmenite, and 
quartz were being formed in rocks that were probably originally 
largely felspathic lavas. 

22 Dana, E. S.: Mineralogical Notes, Amer. Jour. Sci. (3), vol. 32, p. 388, 1886. 

Palache, Charles, and Wood, H. O.: Crystallographic Notes on Minerals from 
Chester, Mass. Proc. Amer. Acad. Arts and Sci., vol. 44, pp. 641-47, 1908-09. 

23 Cross, Whitman: On Alunite and Diaspore from the Rosita Hills, Colorado. 
Amer. Jour. Sci. (3), vol. 41, pp. 466-475, 1891. 

24 Wysor, D. C.: Diaspore Clay of Arkansas and Missouri. Jour. Amer. Ceram. 


Soc., vol. 6, no. 3, pp. 501-505, 1923. 


25 Op. cit. 
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The picture that the minerals of the andalusite mass in the 
lavas present is one of essentially pneumatolytic action and contact 
metamorphism occurring near an igneous intrusion. Judging 
from the minerals formed, water vapor, boron, fluorine, and sul- 
phur must have been present in a more or less gaseous condition. 
The corundum-andalusite-diaspore series appears, however, to 
have been formed largely from the recrystallization of aluminous 
matter already at hand and not from introduced alumina. The 
conditions under which the minerals have been formed do not 
appear to be those under which alumina would be derived directly 
from an igneous source. The great excess of quartz forming the 
host for the andalusite mass would be expected to counterbalance 
an excess of alumina if produced by direct crystallization from a 
magma. 

All features of occurrence, mineralization, and surroundings 
suggest aqueo-igneous and pneumatolytic influence. The physi- 
cal characteristics of the deposit and its immediate surroundings 
support this conclusion. Coarse crystallization is abundant. 
Miarolitic cavities occur in numerous places lined with large 
andalusite crystals. Quartz crystals six inches in length have 
been found in such openings. Several bright, striated pyrite 
crystals found embedded in the walls of the south stope measured 
two inches in thickness. 

Certain similarities should be mentioned that exist between the 
occurrence of andalusite in association with dumortierite at 
Oreana, Nevada, and the occurrence of andalusite at White Moun- 
tain. The occurrence of dumortierite at Oreana has been ably 
discussed by J. C. Jones.** Thin sections show that andalusite at 
the Oreana deposit ** has been the primary mineral from which 
dumortierite has been in large measure derived by pneumatolytic 
and hydrothermal action. Much andalusite remains unaltered. 

Surrounding the andalusite-dumortierite zone at Oreana is a 
quartz mass, megascopically similar to the quartz mass at White 
Mountain. On either side of the quartz mass is a sharply defined 


26 Jones, J. C., Mackay School of Mines Staff: Dumortierite. Univ. of Nev. 
Bull., vol. 22, no. 2, pp. 1-47, 1928. 


27 The writer spent several days at this deposit during the summer of 1931. 





sericite 


tourmad 
dumor 
Oreanz 
Mount 
at Ore 
Titani 
abund 
almost 
althou 
The 
two ° 
Corur 
is sug 
simila 
be no 
Af 
morp 
fora 
parts 
ing O 
took 
sheat 
Shea 
great 
and 
open 


A 
curr 
tem, 
Covi 
of t 
qua 
zon 





the 
itact 


ring 
sul- 
ion. 
to 
lOus 
The 
not 
ctly 
the 
nee 
na 


ngs 
ySi- 
ngs 
int. 
rge 
ive 
‘ite 


red 


the 
at 
in- 
ly 
at 
ch 
tic 


ite 
ed 





OCCURRENCE OF ANDALUSITE IN CALIFORNIA. 637 


sericite zone. Farther removed, on one side at least, is a belt of 
tourmaline schist. Sericite is a common constituent of both the 
dumortierite zone and the country rock. The mineralogy of the 
Oreana deposit, however, is less complex than is the case at White 
Mountain. Also, although dumortierite is the principal mineral 
at Oreana, it has not yet been observed at the other deposit. 
Titanium oxide, so prominent at White Mountain, is much less 
abundant at Oreana. Sulphuric acid and phosphoric acid were 
almost absent at the end of the hydrothermal stage at Oreana, 
although quite evident at White Mountain. 

The significant feature is the occurrence of andalusite at the 
two deposits under conditions which suggest pneumatolysis. 
Corundum is also an associate of the andalusite at Oreana. It 
is suggested that the early history of the two deposits was very 
similar, although they are so far apart (300 miles) that there can 
be no direct relationship. 

After the sequence of events described in the early meta- 
morphism, mineralization appears either to have ceased entirely 
for a short interval, or to have died down to such an extent that 
parts of the deposit were unaffected. During this time fractur- 
ing of the ore occurred and extensive shearing in the country rock 
took place. The tourmaline schist underwent crumpling and 
shearing, producing intricate deformation on a microscopic scale. 
Shearing of the ore body as a whole does not appear to have been 
great in view of the general deformation of the area, but jointing 
and fracturing indicate that many small fracture planes were 
opened for the penetration of later solutions. 


Hydrothermal Stage. 


After gaseous activity ceased, and a lull in mineralization oc- 
curred, the ore deposit appears to have been subjected to a lower 
temperature or hydrothermal mineralization. Pyrophyllite, mus- 
covite (or sericite), lazulite, and alunite are significant minerals 
of this stage. Sericitization occurred along the margins of the 
quartz mass in the country rock. Thin sections from the sericite 
zone show ghost structures of an original igneous rock, perhaps 
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a trachyte flow. Streaks of lazulite occur throughout the present 
quartz-sericite schist which appear to correlate the latest meta- 
morphism of the immediately adjacent country rock with the ore 
body. The more remote tourmaline schist seems to have been less 
affected by this change. 

Within the ore body, pyrophyllite appears to be one of the most 
important hydrothermal minerals. Solutions depositing pyro- 
phyllite have apparently invaded all parts of the andalusite mass 
(Fig. 16). The mineral is clearly later than the preceding 
aluminous minerals. Corroded crystals of andalusite and dia- 
spore partly replaced by pyrophyllite are common (Figs. 14 and 
17). Large masses of pyrophyllite occurred on the surface of 
the cliff at the outcrop of the andalusite mass. Streamers or 
veinlets of the mineral criss-cross the area in various directions. 

Pyrophyllite is well known as a hydrothermal mineral. Bud- 
dington ** attributed the pyrophyllite of the Avondale volcanics 
in Newfoundland to metasomatic replacement of silicified rhyo- 
lites or rhyolitic volcanics by hot waters under conditions of 
intermediate temperature and pressure. In a discussion of the 
pyrophyllite deposits of North Carolina, Stuckey *® concluded 
that they had been formed by metasomatic replacement of acid 
tuffs and breccias of both dacitic and rhyolitic composition. He 
believed that the mineral bodies were formed by heated solutions 
coming up from below. Clapp * attributed a similar origin to 
pyrophyllite occurring on Vancouver Island, British Columbia. 
T. L. Watson and J. W. Watson * mention pyrophyllite in their 
discussion of the geology of Graves Mountain, Georgia. They 
state that “ structure and other conditions of occurrence strongly 
suggest formation of pyrophyllite at this locality from solutions, 

28 Buddington, A. F.: Pyrophyllitization, Pinitization, and Silicification of Rocks 
around Conception Bay, Newfoundland. Jour. Geol., vol. 24, pp. 130-152, 1916. 

29 Stuckey, J. L.: Pyrophyllite Deposits of the Deep River Region of North 
Carolina. Econ. GEot., vol. 20, p. 458, 1925. 

30 Clapp, C. H.: Alunite and Pyrophyllite in Triassic and Jurassic Volcanics at 
Kyuquot Sound, British Columbia. Econ. Gror., vol. 10, pp. 70-88, 1915, 

81 Watson, T. L., and Watson, J. W.: A Contribution to the Geology and Min- 
eralogy of Graves Mountain, Georgia. Univ. Va. Publ. Bull. Phil. Soc., Sci. Ser. 
I, NO. 7, p. 220, 1912. 
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as the final stage in genesis.” It is interesting to note that the 
significant minerals associated with pyrophyllite at Graves Moun- 
tain are cyanite, rutile, lazulite, and muscovite. 

Muscovite and sericite are probably of partly later origin than 
pyrophyllite, but in a large measure contemporaneous. Veinlets 
of sericite cross andalusite in a fashion similar to pyrophyllite, 
and also cut the pyrophyllite in places. Elsewhere, however, the 
two minerals form a closely interwoven mass. Rogers * believes 
that sericite is a hydrothermal mineral, and in connection with a 
study of the origin of the mineral expresses the following opin- 
ion : 

Hydrothermal alteration usually involves a marked increase in the 
potash content. The occurrence of sericite suggests that it develops only 
under conditions of moderate pressure and stress. Few, if any, of the 
hypogene minerals are later than sericite. Sericite apparently does not 
form in the zone of weathering, and probably not in the zone of static 
metamorphism. 


In this instance the high potash content of the analyses of com- 
mercial andalusite carrying mica, the lack of weathering, and the 
mineral association, would support Rogers’ conclusions concern- 
ing hydrothermal origin. 

Lazulite is one of the most interesting of the hydrothermal 
minerals. This striking blue mineral occurs in crystals embedded 
in quartz, and also along interstices between interlocking crystals 
of andalusite. It penetrates andalusite masses in places and may 
also be observed in thin sections of the sericite schist. 

Lazulite appears to be in part contemporaneous with pyro- 
phyllite and muscovite, but also later than either of the other two 
minerals. It is also evident, however, that quartz, rutile, and 
pyrite may have crystallized later than lazulite in some instances. 
T. L. and J. W. Watson, mentioned above in connection with 
pyrophyllite from Graves Mountain, Georgia, offer a significant 
statement in connection with lazulite from that locality; namely: 
“ The occurrence of lazulite at Graves Mountain was not in veins 
but as separate and grouped crystals and aggregates distributed 
through the rock in intimate association with cyanite and rutile.” 


‘82 Rogers, A. F.: op. cit. 
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Alunite is another of the later minerals that is apparently 
related to the hydrothermal stage. The origin of alunite has been 
frequently discussed, in view of the fact that the mineral has been 
found in interesting deposits in both the United States and 
Canada. East of White Mountain at Goldfield, Nevada, alunite 
occurs as a prominent constituent of the rock that contains the 
gold ores. F. L. Ransome ** has described the occurrence at some 
length. He reached the conclusion that the mineral was due to 
the action of ascending solutions charged with hydrogen sulphide, 
which upon reaching the surface formed sulphuric acid, and the 
latter then percolated downward and reacted with the potassium- 
aluminum surface rocks to form alunite. 

Butler and Gale,* in their study of the extensive occurrence 
of alunite at Marysvale, Utah, concluded that the mineral content 
of the veins, consisting largely of alunite, was introduced by solu- 
tions of deep-seated origin. 

Clapp * has described the occurrence of alunite and pyro- 
phyllite on Vancouver Island. He concluded that both minerals 
were formed by the metasomatic replacement of volcanic rocks, 
and assumed that the deposits were formed by hot ascending 
solutions of volcanic origin. 

It is likely that the alunite at White Mountain was distributed 
by hydrothermal solutions in the interstices between andalusite, 
corundum, and the related minerals (Fig. 17). Metasomatic 
replacement of various older minerals occurred (Figs. 15 and 18), 
and alunite was also probably deposited along fissures at the same 
time. The occurrence of the alunite well within the andalusite 
mass precludes the possibility of its formation by reaction of 
hydrothermal solutions with the wall rock, as at Goldfield. 

The range of crystallization of quartz, rutile, and pyrite is the 
most extended of the minerals of the deposit. Quartz, for in- 
stance, in addition to forming the original mass in which the 


33 Ransome, F. L.: The Geology and Ore Deposits of Goldfield, Nevada. U. S. 
Geol. Surv. Prof. Paper 66, pp. 189-195, 1909. 

34 Butler, B. S., and Gale, H. S.: Alunite, a Newly Discovered Deposit near 
Marysvale, Utah. U. S. Geol. Surv. Bull. 511, pp. 1-63, 1912. 

35 Clapp, Charles H.: op. cit. 
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aluminous minerals crystallized, forms veinlets, penetrating 
masses and disseminated aggregates which invade crystals even 
as late as lazulite. Pyrite and rutile, on the other hand, may be 
associated even with late quartz. Rutile has been very mobile, 
penetrating different phases of the mineralization, apparently with 
few exceptions. 

The crystallization of the hydrothermal minerals appears to 
have been brought about by hypogene waters carrying minor 
amounts of phosphoric and sulphuric acid. The solutions 
traveled along probably almost vertical paths, or parallel to the 
quartz mass. There was no apparent material extension out- 
ward into the tourmaline schist. The mineral assemblage is ap- 
parently hydrothermal and not supergene. 


Post-Hydrothermal Stage Deformation and Erosion. 


Regional deformation of the White Mountain mass probably 
occurred after the hydrothermal stage. Uplift and deformation, 
followed by a long period of erosion, marked this stage, and it 
was during this interval that the present land surface was de- 
veloped. 

The processes of weathering which accompanied the erosion of 
White Mountain appear to have been largely those of disintegra- 
tion and mechanical erosion. 


Supergene Alteration. 


Probably the most significant feature of “secondary” or 
supergene action is its relatively minor occurrence. Aside from 
extensive limonitic stain due to the broad and thin distribution 
of iron-staining solutions along numerous fractures, little or no 
secondary action is apparent. The limonitic stain is almost en- 
tirely due to the surface leaching of pyrite and downward per- 
colation of solutions carrying iron oxide throughout the deposit. 
A number of limonite pseudomorphs after pyrite have been 
formed. 
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A complete analysis of the various factors which have a bearing 
upon the origin of the deposit is not possible without a more 
detailed field study. The general field relations, however, coupled 
with a more elaborate microscopic study, suggest certain conclu- 
sions which appear worthy of serious consideration. 

1. The early rock at White Mountain consisted of a series of 
trachytic flows with an intervening layer of aluminous volcanic 
material (or possibly an aluminous sediment). The prevalence 
of igneous rocks in the immediate vicinity of the deposit supports 
the theory of original igneous origin. Metamorphism has been 
so complete, however, that direct evidence of the nature of the 
original aluminous material is lacking. 

2. The formation of the andalusite was due to metamorphism 
accompanying the igneous activity that caused the intrusion of the 
adjacent porphyry. The country rock shows a similarity of 
alteration extending from the adjacent porphyry to the andalusite 
mass. The wide distribution of titanium minerals throughout 
both the country rock and the andalusite mass, extensive tour- 
malinization extending into the andalusite, and inherited struc- 
tures in the schist, suggest a wave of metamorphism extending 
outward from the porphyry. It seems reasonable to believe that 
in the early stages of the deposit, metamorphism brought about 
the change from an aluminous rock to a mass of andalusite and 
corundum in the quartz. 

3. Gaseous and aqueous solutions were active participants in 
the contact metamorphism. This is indicated by the nature of 
the minerals accompanying the andalusite. Topaz, tourmaline 
and diaspore were associated with the early mineralization. The 
abundance of miarolitic cavities is further evidence of the pres- 
ence of gases. 

4. A later stage of hydrothermal alteration and replacement re- 
sulted in extensive pyrophyllitization, and sericitization. The 
minerals of this stage form veinlets cutting the earlier generation 
of aluminous minerals. They have also replaced andalusite and 
corundum in numerous instances. 
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5. At the termination of hydrothermal activity localized 
alunitization and even the formation of native sulphur indicate 
the presence of sulphuric acid. 

The last stage was connected with hydrothermal activity but 
evidently marked the close of hypogene mineralization. 

Dept. oF GEOLOGY, 


CoLUMBIA UNIVERSITY, 
New York CIty. 
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THE OCCURRENCE AND DISTRIBUTION OF SILVER 
IN THE SILVER KING COALITION MINES, 
PARK Ciry, UTAH. 


HARRY V. WARREN AND RODGER W. LOOFBOUROW. 


INTRODUCTION. 


This paper is one of a series dealing with the occurrence and 
distribution of the precious metals in the ores of important base- 
metal mines of western North America. 

The mines of the Silver King Coalition Company are situated 
in the western part of the Park City mining district, about 1% 
miles southwest of the town of that name and about 32 miles east 
of Salt Lake City. 

ORE BODIES. 


The ore bodies are associated with igneous intrusive rocks, and 
occur in limestones, sandstones, quartzites, and shales of Carbon- 
iferous age.’ Dailey describes the deposits as follows: ? 


Ore deposits are of two kinds: lode deposits and bedded replacement de- 
posits. Bedded or replacement deposits as a rule are lenticular in out- 
line. The margins are irregularly lobed, some of the lobes extending 
hundreds of feet in distance from the main deposits. Some of the bedded 
deposits have been continuously productive for more than 10,000 feet 
along their strike with no indications of a decrease either in dimensions 
or metal content. 

Lode deposits are found in fissures that appear to be channels through 
which the mineralizing solutions circulated and formed the replacement 
deposits in the limestone beds. Deposits of this character lie along a 
continuous master-fracture zone rather than in a large number of small 
fissures. 

1 Butler, B. S., Loughlin, G. F., Heikes, V. C., et al. Ore Deposits of Utah. 
U. S. Geol. Survey Prof. Paper 111. 

3outwell, J. M.: Geology and Ore Deposits of the Park City District, Utah. 
U. S. Geol. Survey Prof. Paper 77. 

2 Reprinted from U. S. Bureau of Mines Information Circular 6371, Mining 
Methods and Costs of the Silver King Coalition Mines Co., Park City, Utah, by 
M. J. Dailey. 
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Age of Mineralization—According to Butler and his asso- 
ciates,® “‘ the main igneous activity began in post-Cretaceous time 
and may have continued through much of Tertiary time.” Thus, 
the deposits, which are associated with igneous rocks, like those 
at Cananea, Mexico, and at Ruby, Arizona, are Tertiary in age. 

Minerals.—Galena, sphalerite, tetrahedrite, pyrite, and enargite 
(?) are the only hypogene minerals that are abundant. Gangue 
minerals likewise are relatively few in number; quartz and calcite 
are the most abundant. 

Paragenesis.—-Examination of the ore minerals shows that 
pyrite was the first mineral to crystallize, then galena and blende, 
and lastly tetrahedrite and enargite. However, in some places, 
the tetrahedrite appears to be at least contemporaneous or possibly 
even older than the galena with which it is commonly associated. 


Distribution of the Silver 


Pyrite, blende, tetrahedrite, and galena were separated and 
assayed. Polished sections of each mineral were then examined. 
It proved to be impossible to separate the enargite, but assays were 
made of tetrahedrite containing various amounts in order to 
estimate the silver content indirectly. 

Galena.—Several analyses were made of what was thought to be 
pure galena. Only fragments showing clean cleavage faces were 
selected for this purpose. The results are as follows: 














| (1) (2) (3) (4) 
| SE I Sg ae RP en 87.34 86.80 87.21 85.25 
SUM EE ss. 2 sie ars niyo ioainisous “15 a | 18 a2 
ROREDEAARN go isi-3)saleg stor, 9 cteteievans 13.08 12.99 13.45 13.45 
100.57 99.96 100.84 98.92 














Of these (1) was by far the most satisfactory sample, (2) 
being the second best; (3) and (4) showed slight tarnish and ir- 
regular cleavage, both of which may well be the result of asso- 
ciated impurities. Consequently, the amount of silver present in 


3 Op. cit. 
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galena is probably nearer .15 than .22 per cent., and it may be 
assumed that it is approximately .17 per cent. or about 50 ounces 
to the ton. Expressed in another way, the proportion of silver to 
lead in the galena is roughly I to 500. 

That all the silver present in the ore is not confined to galena 
is shown by the following assays of representative ore samples :— 


Lead, % 
Silver, % 


er ot ot 16.96 27.00 77.58 4.66 
Sh eae eeahG seen ey 1.31 1.55 +34 2.87 


Thus, although galena is obviously of great importance as a silver 
bearer, it is by no means the only carrier of that metal. 

We are unable to give the recent average ore content of the 
Silver King Coalition mine, but an examination of the records 
given by Boutwell* shows for a nine-year period an average 
content of about 45 per cent. lead and about 53 ounces per ton sil- 
ver. It is possible that some of the silver at that time was due to 
secondary enrichment, but the author does not mention enrichment 
and states that the silver was due to galena and tetrahedrite, al- 
though he does not enlarge on this point. Furthermore, there is 
no direct relationship between the amount of lead and of silver 
present in the ore, the highest silver content not necessarily occur- 
ring with the richest lead ore. 

As the galena at the Silver King mines (with approximately 
86.6 per cent. of lead) carries about 50 ounces of silver to the ton, 
and as records show that ore with a lead content of only 45 per 
cent. carries as much as 50 ounces of silver, the conclusion is in- 
evitable that only about half the silver in the ore is carried by the 
galena, the remaining half being contributed by the tetrahedrite, 
as will be shown later. 

Blende.—At the Silver King mine, there has been considerable 
difficulty in separating the silver from the zinc concentrate with 
which it often occurs. Consequently, it was thought that the 
blende might carry silver and it was carefully examined to deter- 
mine this. Four lots of blende were separated which ranged 

4 Op. cit. 
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from a pure yellow, to a dull black variety. The analyses are as 
follows: 


























(1) (2) (3) (4) 

o7 o7 C7 oO 

/0 /0 /0 © 
PMB rao Sg Gots sissies chats: Sie 66.23 65.65 65.26 65.36 
ES ee eae ee —_ —_ _ -06 
SUIT 5-<.0,5)0 2s aoe sp) eves~ «Xr 33-09 32.69 32.18 32.69 
ON Sen ere er —_— — — -57 
MANE ors so ots soto ate ere stecc suas wise — trace trace -24 
WFO a ai hom ceste eee ests 99.32 98.34 97-44 98.86 





In (4), where .06 per cent. of silver is recorded, it will be 
noticed that .57 per cent. copper is also found, and this corre- 
sponds to the proportion of silver to copper occurring in the 
tetrahedrite, as will be seen later. 

It is also of interest to notice that the darkness of the blende 
increases with the iron content. 

Consequently, it may be said with assurance that blende carries 
no silver except as mechanical inclusions of some silver-bearing 
mineral, usually tetrahedrite. This is borne out by polished-sec- 
tion examination. 

Pyrite-—Only one satisfactory separation of pyrite was made, 
and the analysis of this sample was as follows: Iron, 45.98; Sul- 
phur, 53.04; Silver, .o1. Total, 99.02. 

Thus, the silver content of pyrite is very low, and this amount 
is probably caused by impurities. As will be shown later, 0.1 per 
cent. of copper adequately accounts for this small amount of silver. 
Furthermore, the concentration of the ore has not been com- 
plicated by finding silver in association with the pyrite. Conse- 
quently, pyrite may be dismissed from consideration as an appre- 
ciable silver carrier. 

Tetrahedrite—Although analyses show that from g to 15 per 
cent. of arsenic is contained in this mineral, it is for convenience 
termed tetrahedrite in this paper. At the mine it is referred to as 
gray copper. As will be seen from the following analyses, which 
are of the purest tetrahedrite that could be obtained, there are two 
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varieties of this mineral at the Silver King mines, one containing 
more copper and less arsenic and silver than the other. 





























| 
| (x) (2) (3) (4) (5) | (6) | (7) 
Sulphur. ......./..4 5 27.87 28.28 25.34 26.50 25.32 27.46 25-34 
Silver ....:.3.s 2.31 2.34 3-55 3-24 3.50 3.58 3-35 
CODPET < .6. 4555.05 38.76 37-00 33-66 33-91 34.27 7 31.30 34.68 
1 Se Der 8.00 8.10 7.88 7-55 7.55 7.06 7.06 
PRONE acs cy ack 9.15 9.67 14.12 14.58 13.81 12.89 | 13.81 
Antimony....... 15.37 18.56 14.53 16.77 16.21 | 16.68 | 13.69 
“Rn Can ee | 101.46 | 104.70 | 99.08 102.54 | 100.56 | 99.03 | 98.93 





The average of these assays, calculated to atomic proportions, is: 


SOUR . 6.5 ss pens less yernntiovcssn ROISO 3 22— 83 83 
NE Gata N Can ate cee ee hia kre ea 3.13 + 108 — -03 | ae 
CUS CE RR i ae eae Aatetrs ba oh eet 34.79 + 64— say “2 
ARC ak chante can hiee arene wae 7.60 + 65.4— 9 -I2 
UNDE STCSRS RS  dR SE  P 12.58 + 75— .17 \ 
RAMON, cis 0 acne ence setae 15.97 + 120— aS 


Slight changes of the figures give atomic proportions which 
correspond to the formula (Cu,Ag,).Zn(AsSb).S«. 

Owing to the intimate association of enargite with tetrahedrite 
in the Silver King mines it is probable that even the selected 
tetrahedrite is contaminated by enargite. Enargite contains little 
or no zinc, consequently it is not unreasonable to assume that the 
pure tetrahedrite would contain an appreciably higher proportion 
of zine relative to the other metallic and semimetallic elements 
present; and this results in precisely the formula which has been 
determined for a similar silver-bearing mineral at Ruby, Arizona. 

The tetrahedrite is commonly associated with a mineral which 
is locally known as pink enargite, but possibly should be referred 
to as enargite-famatinite, Microchemical tests indicate that the 
mineral is enargite but unfortunately there was no way of confirm- 
ing this determination because it was not possible to separate a 
sufficient amount of this mineral to make an analysis of it, never- 
theless analyses were made of tetrahedrite contaminated with it 
and these showed that even if the mineral is not enargite it is at 
least some related sulpharsenate or sulphantimonate. 

The relation of this enargite to the tetrahedrite is uncertain. 
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In some places, it is undoubtedly younger than the tetrahedrite 
which it veins. However, in other parts of the mine, it appears, 
although less conclusively, to be veined by the tetrahedrite. For- 
tunately, the one thing that emerges from the assays, is the fact 
that the silver content of the tetrahedrite is sharply lowered by the 
inclusion of the enargite and there appears to be little doubt but 
that the latter mineral is subordinate to the former as a silver 
carrier. The ratio of silver to copper in the tetrahedrite of the 
Silver King Coalition ore is approximately 1:10. 

As we know of no other silver-bearing mineral of any im- 
portance in the mine, it is certain that the 50 per cent. of the silver 
not accounted for by the galena is carried by the tetrahedrite. 
Furthermore, the high and relatively constant proportions of silver 
and zinc in this tetrahedrite are unusual and appear to warrant the 
assumption that a new variety of this already variegated mineral 
occurs in the Park City District. 


CONCLUSIONS. 

The silver in the Silver King Coalition ore does not occur chem- 
ically associated with the blende or pyrite, and probably not with 
the enargite. 

It occurs in the galena to the extent of one part of silver to five 
hundred parts of lead and in the tetrahedrite to the extent of one 
part of silver to ten of copper, the ratio of the minerals in the ore 
being such that in the past they contributed approximately equal 
amounts of silver to the ore. 

The tetrahedrite is an unusual variety of this mineral and is 
of particular interest to the metallurgist on account of its com- 
position, which is such that the higher the silver concentration, 
due to the tetrahedrite concentration, the higher will be the per- 
centage of zinc, arsenic, and antimony present. In other words, a 
certain percentage of zinc must accompany the silver concentrates, 
quite independent of the presence or absence of blende. 

The intimate association of the galena, blende, pyrite, and tetra- 
hedrite, and the lack of silver variation in the galena and tetra- 
hedrite, imply that the silver content of the ore will remain con- 
stant or increase as ores from greater depth are mined. 
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Furthermore, as the copper content of ores tends, in general, 
to increase and the lead content to decrease with increasing depths 
in a mine, it is probable that the tetrahedrite will contribute an in- 
creasingly important proportion of the silver to the ore. 

A detailed description of this tetrahedrite will be presented in 
another paper. 

The analytical methods used in this work were the same as 
those recorded in a previous paper.° 
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5 Warren, H. V., and Loofbourow, R. W.: Occurrence and Distribution of 


Precious Metals in Montana and Idaho Mines, Ruby, Ariz. Econ. GEoL., vol. 27, 


PP. 578-585, 1932. 
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AN ASSOCIATION OF GOLD AND URANINITE FROM 
CHIHUAHUA, MEXICO. 


PHILIP KRIEGER. 


GENERAL STATEMENT. 


THE mineral deposits of Placer de Guadalupe, in eastern Chi- 
huahua, Mexico, provide an interesting association of gold and 
uraninite. General features concerning the origin and occurrence 
of this rather unusual relationship appear worthy of discussion. 

Gold has been known to occur in this district for many years. 
The earliest deposits to be worked, from which most of the gold 
has been produced, are placer gravels. At the present time these 
are being exploited on a small scale by the Mexicans, who wash 
out the sands and gravels of the arroyos after heavy showers of 
the rainy season. Gold-bearing quartz and calcite * veins are also 
found at several places in the district. These have also been 
worked in the past and are being worked on a small scale at the 
present time. 

The deposits appear to contain sufficient gold to warrant min- 
ing on a larger scale. Because of local conditions, however, such 
attempts have not yet met with success, Occasionally a “ pocket ” 
of high grade ore is encountered in the veins. Some of these 
have been reported to contain as much as from eight to ten 
kilograms of gold. 

Although the occurrence of uraninite in this district was re- 
corded but recently, the mineral has been recognized locally for 
some time. It was first discovered in the concentrates obtained 
in hand-panning the material from the gold-bearing veins. The 
dark, extremely heavy mineral was difficult to separate from the 
gold in the final washing and aroused the curiosity of Mr. Carlos 
Perez, mining engineer, of Chihuahua City, who sent some of the 
material away for determination. 


‘ 


* Where the term “calcite” is used in the succeeding pages, “carbonate” is 


meant. 
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A specimen of the uraninite was collected in 1928 by Dr. Wil- 
liam F. Foshag, of the United States National Museum. An 
analysis of this material was made, and, as referred to above, 
has been recently published by Wells. From the lead content of 
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Fig. 1. Sketch map of Chihuahua, Mexico, showing location of Placer 


de Guadalupe. 


the uraninite Wells has calculated the age of the igneous intru- 
sions, placing them in late Oligocene time. 

The oldest workings of the district are the placer deposits. 
located just outside the town. Later, gold-bearing veins were 
also discovered and worked in the immediate vicinity. At 
Puerta del Aire, two miles east of Placer de Guadalupe, a num- 
ber of shallow shafts have been sunk on similar veins. These 
veins appear to carry a greater quantity of uraninite than those 
at Placer de Guadalupe. It was at this locality that the uraninite 
was first observed. 


1 Wells, R. C.: Uraninite From Placer de Guadalupe, Chihuahua. Amer. Min., 
vol. 15, Pp. 470-473, 1930. 
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The small town of Placer de Guadalupe is located about sixty 
miles northeast of Chihuahua City. It is six miles southwest of 
San Sostenes, the nearest station on the Kansas City, Mexico, 
and Oriente Railroad. It can also be reached by automobile over 
a dirt road paralleling the railroad. 

Grateful appreciation is extended to Dr. Paul F. Kerr, of the 
Department of Geology, Columbia University, for aid in the 
x-ray study and critical review of the manuscript, and to Pro- 
fessor Roy J. Colony for comment and advice in the petrologic 
interpretations. 


THE NATURE OF THE COUNTRY ROCK. 


The country rock of the localities in which the gold and urani- 
nite occurs consists mainly of a black, fissile shale, with a few 
interbedded layers of sandstone and limestone. The exact age 
of the shale is somewhat uncertain because of the apparent ab- 
sence of fossils and the lack of a definite contact to show the re- 
lation of the shale to younger, overlying limestones. The late 
Emil Bose,” however, regarded the shales as being Upper Jurassic 
in age. The overlying limestones, in which the rich lead-silver- 
zinc deposits of eastern Chihuahua and northern Coahuila occur, 
are known to be Lower Cretaceous. 

A pre-Cretaceous age for the shales in this locality is suggested 
by the greater extent to which these rocks have been subjected to 
folding and faulting, as compared to the overlying, Lower Cre- 
taceous limestones. No unconformable contact, however, was 
observed, although it could be easily concealed by the overlying 
soil and gravel. Fossils appear to be absent in the shales at this 
locality, in spite of their abundance in the limestone. Farther 
south, however, Upper Jurassic fossils have been found in similar 
shales. There is also a marked difference in lithologic character 
between the two formational units. Because of the intense de- 
formation of the underlying shales, and because of the large 
amount of alluvial material covering practically all the flat areas, 
no well-defined structures can be followed for any great distance. 


2 Unpublished manuscript. 
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Tertiary extrusives, consisting of andesite tuffs and breccias, 
cap most of the hills throughout this part of eastern Chihuahua. 


GOLD-URANINITE VEINS AND ASSOCIATED INTRUSIVES. 


The gold and uraninite occur under similar geologic conditions 
at both Placer de Guadalupe and Puerta del Aire. Porphyry 
dikes that strike north .70° to 80° west and dip from 65° south 
to vertical, have intruded the shales. The dikes range from four 
to eight feet in width. 

The gold and uraninite are found in veins that occur along the 
contact between the porphyry dikes and the shale. The veins fol- 
low the same general strike and dip of the dikes. Small stringers 
from the veins also cut the dikes and the shale for short dis- 
tances. Consequently, it appears that the veins are later. 

The dikes, as well as the mineralized veins, are quite persistent. 
At least one of them, at Puerta del Aire, can be traced for a dis- 
tance of about one-half mile on the surface. The vein material 
consists mainly of quartz and calcite, with some feldspar. This 
material is probably of hypogene origin since from position and 
mineralization it appears genetically related to the dikes. The 
veins vary in width from eight inches to one foot, although in 
places they may be evident only as a narrow seam of soft, slightly 
oxidized material. 

Thin sections of the rock of the porphyry dike show intense 
hydrothermal alteration. This has probably been brought about 
by the intrusion of material similar to that making up the greater 
part of the gold and uraninite-bearing veins. The dike rock was 
originally made up of a fine-grained, feldspathic groundmass with 
numerous phenocrysts of orthoclase and albite. It also contained 
abundant crystals of biotite. All of the constituents have been 
greatly affected by hydrothermal agents and now show only rem- 
nant structures of the original minerals. The groundmass has 
been largely replaced by quartz, or has been intensely altered to 
sericite and kaolin. The biotite crystals form areas of chlorite, 
and the feldspars have been altered to sericite and modified by 
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Fic. 2 (above). Thin section of the porphyry dike rock showing 
hydrothermally altered feldspars. Quartz (clear, white areas) has re- 
placed some of the groundmass and parts of the feldspar phenocrysts. 
Crossed nicols. XX 23. 

Fic. 3 (below). Polished surface showing gold (Aw) and veinlets 
of carbonate in uraninite (U). “Limonite” (L) also penetrates the 
uraninite. This, however, is due to supergene action. X 88. 
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replacement by quartz and calcite. Pyrite, magnetite, and titanite 
are fairly abundant as accessory minerals. 

The rock shows some variation in the degree to which it has 
been affected by alteration. Along the contact between the dike 
and the vein, alteration has been most intense and the feldspar 
phenocrysts are recognized only by areas of sericite retaining out- 
lines of original phenocrysts. Farther from the contact, as in 
the middle of the dike and toward the opposite side, the feldspar 
crystals can be readily identified as orthoclase and albite. 

After consolidation of the porphyry dikes, additional material 
appears to have been intruded along the contact with the shale. 
This material consisted essentially of quartz, calcite and feldspar, 
with minor amounts of pyrite and magnetite. The solutions de- 
positing these minerals also carried gold and uraninite. In the 
process some of the vein material appears to have replaced wall 
rock of both shale and porphyry. Included fragments of wall 
rock were also found in the vein, showing replacement by quartz, 
calcite and metallic minerals. 

As stated above, the veins are characterized by the predomi- 
nance of quartz and calcite. In some areas, however, one or the 
other of these minerals may constitute practically all of the vein. 
At Puerta del Aire, calcite is the predominating mineral and ap- 
pears to carry a greater quantity of gold and uraninite. At Placer 
de Guadalupe, quartz predominates along certain portions of the 
vein and other portions show about equal amounts of quartz and 
calcite. 

Thin sections of the vein material contain both euhedral and 
anhedral quartz crystals in a matrix of carbonate, the latter filling 
interstitial spaces as well as occupying larger unit areas. In some 
instances the quartz, likewise, occupies interstitial openings, and 
conclusive evidence to indicate the paragenesis of these two min- 
erals is lacking. Both minerals exhibit encroachment by each 
other, and it is believed that the quartz and carbonate represent 
more or less simultaneous crystallization of the vein material, with 
a slight overlapping of the quartz by the carbonate. 

Broken or crushed zones along the vein are not infrequent. 
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This apparently occurred after deposition of the vein matter, for 
in these areas the quartz and carbonate show undulatory extinc- 
tion, with the latter often showing excellent flowage structures 
due to movement and crushing within the vein. 


METALLIC MINERALIZATION. 


Metallic minerals associated with the veins consist of pyrite, 
uraninite, gold and a small quantity of magnetite. 

Pyrite occurs as well formed cubes and octahedrons dissemi- 
nated indiscriminately throughout the vein. Where oxidation 
has occurred some of the pyrite has been altered to “ limonite ”’ 
and the calcite has become sufficiently stained to resemble siderite 
in a hand specimen. 

Uraninite. This mineral occurs as crystals or aggregates of 
crystals ranging in size from microscopic dimensions to an inch 
in diameter. The crystals are commonly cubic or octahedral in 
form. It apparently crystallized after the pyrite, for polished 
surfaces show aggregates and individual crystals with cores of 
pyrite, surrounded and replaced by uraninite. Where oxidation 
has taken place, the uraninite has been leached out, leaving small 
cavities that sometimes contain fine, wire gold, and a yellow waxy 
mineral believed to be uranophane. 

As an additional means of identifying the uraninite some of 
the material was dissolved out of the calcite in which it was em- 
bedded, and an x-ray diffraction pattern made, using the Ka 
radiation of molybdenum. This was compared with a similar 
pattern made from a specimen of uraninite from Johangeorgen- 
stadt, Saxony, in the Egleston collection of Columbia University. 
The chart shown in Fig. 6 gives the arrangement of the lines in 
the pattern and their relative intensity. The distances from the 
zero beam are measured in millimeters and the interplanar spac- 
ings computed in Angstrom units according to the formula of 
Bragg,* nd = 2d.sin@ Form indices are assigned to each of the 


3 Bragg, W. H., and W. L.: X-rays and Crystal Structure, p. 106. G. Bell and 
Sons, London. 1924. 
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Fic. 4 (above). Polished surface showing gold (Au) in a matrix of 
carbonate vein material. The light gray areas near the gold are uraninite 
(CU) 88. 

Fic. 5 (below). Showing gold (Aw), uraninite (U) and uranophane 
(Up). Alteration of the uraninite to uranophane has left the gold in a 
matrix of uranophane. XX 88. 
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lines in the pattern except No. 6. This line does not correspond 
to any of the indices for the cubic system as given by Higler.* 
From its position in the pattern it appears to resemble one of the 
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Fic. 6. Diagram illustrating the x-ray diffraction pattern of uraninite 
and the relative intensity of the lines. The interplanar spacings, in 
Angstrom units ( 10-8 cm.) are given above each line. 


lines of the rhombohedral carbonate minerals and it is suggested 
that possibly this line is due to impurities that were not completely 
dissolved out in preparation of the sample. Table I gives the 


TABLE 1. 

















TneNo: Dist. from Zero | Interplanar Spacing acy: intensity. 
Beam in mm. | in A U. | ? 
I 26.4 3-104 I11(1) 10 
2 30.5 2.694 100(2) 4 
3 43.1 1.899 110(2) 8 
4 50.5 1.624 113(1) 8 
5 ca.6 1.569 111(2) 2 
6 54.8 1.497 (?) 3 
7 57-3 1.434 132(1) I 
8 60.9 1.338 100(4) 3 
9 66.4 1.233 133(1) 4 
10 68.4 1.208 120(2) 3 
II 75.0 1.098 | 112(2) 5 
12 79.9 1.038 115(1) 5 
13 87.2 .950 111(3) | I 
14 92.4 -900 110(4) | 3 
15 98.0 850 100(6) | I 
16 103.0 .810 122(2) I 
17 107.5 -778 130(2) I 
18 112.5 -746 120(3) | I 

















4Higler, A.: The Cubic Crystal Analyser. Rochester Place, Camden Road, 
London, January, 1931. 
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interplanar atomic spacings and the form indices. The x-ray 
diffraction photographs were taken by Dr. Paul F. Kerr. 

Gold is found in workable quantities only in the veins, or where 
it has been concentrated in the sands and gravels of the arroyos 
as placer deposits. It is essentially free, and, in the veins, it is 
often visible to the unaided eye. Panning of the crushed vein 
material usually discloses a few small colors. Occasionally a 
nugget about the size of a pea is found in the sands. Assays also 
show the presence of gold throughout the width of the porphyry 
dike, but the values are not sufficient to warrant mining. 

Gold, where it is associated with the uraninite, is later in se- 
quence of deposition, commonly filling fractures in the latter min- 
eral. Because of resistance to alteration it is often found in 
cavities that have been leached out, leaving the gold in a matrix 
of uranophane. It also occurs as fine plates accompanying later 
quartz or calcite veinlets, or penetrating cleavages in calcite. 

Conclusions. The veins in which the gold and uraninite occur 
appear to be distinctly later than the porphyry dikes. A micro- 
scopic study of the dike rock and the vein material indicates that 
both were probably derived from the same magmatic source. The 
fact that the veins have not been found any great distance away 
from the dikes, but usually follow along the contact, supports the 
view that a genetic relationship exists between them. The gold 
and uraninite are believed to have originated from solutions which 
continued after the intrusion of the porphyry dikes and closely 
followed the vein filling. 

The gold occurrence resembles many of the small deposits 
found throughout northern Mexico, differing, however, in the 
rather unusual association with the rarer mineral, uraninite. 


CoLuMBIA UNIVERSITY, 
DEPARTMENT OF GEOLOGY AND MINERALOGY, 
New York, N. Y. 
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CYANITE DEPOSITS OF NORTH CAROLINA.’ 
JASPER L. STUCKEY. 
INTRODUCTION. 


CYANITE is widely distributed throughout the Piedmont Plateau 
and Appalachian Mountain sections of North Carolina (Fig. 1). 
The most important deposits are found in a belt some 6 to 8 
miles wide which extends along the line of the Black and Great 
Craggy Mountains from the vicinity of Burnsville, Yancey County 
to Swannanoa, Buncombe County. Smaller but interesting de- 
posits occur to the north and south of the main area and in widely 
separated sections of the Piedmont Plateau. 
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Fic. 1. Outline map of North Carolina showing the localities where 
cyanite is known to occur. 


Numerous references to cyanite in North Carolina have ap- 
peared in the literature, but few of them contain geologic accounts 


_of its occurrence. The more important geologic papers are those 


by Kunz,’ Keith,® and Keith and Sterrett,* in which brief accounts 
of the associated minerals and inclosing rocks are given. 

1 Presented before the Society of Economic Geologists, Charlottesville meeting, 
April 25, 1930. 

2 Kunz, G. F.: Mineralogical Notes. Amer. Jour. Sci., (3), vol. 36, pp. 222-224, 
1888. 

3 Keith, A.: Geological Atlas of the United States, Folios 116, 124, 143, 147, and 
I5I. 

4 Keith, A., and Sterrett, D. B.: Tin Resources of the Kings Mountain District. 
U. S. Geol. Surv. Bull. 660, pp. 123-146, 1917. 
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The author has recently had the opportunity of examining a 
number of deposits in widely separated areas of the State, and 
representative types from three localities are discussed here. 
These are: (1) a deposit 5 miles west of Smithfield, Johnston 
County; (2) a group of occurrences in the Burnsville-Swannanoa 
area; and (3) a deposit near Sioux, Yancey County. 


GEOLOGIC OCCURRENCE OF CYANITE. 


Rock Formations ——All the known occurrences of cyanite in 
North Carolina are found in highly metamorphosed acid rocks 
or in pegmatite dikes and quartz veins inclosed in these rocks. 
The crystalline rocks of the State may be briefly summarized as 
follows: 


1. Archaean.—Gneisses, schists and schistose granites: 

a. Carolina gneiss, b. Roan gneiss, c. Intrusive granites. 
. Algonkian.—Schistose volcanics and slates. 
. Cambrian.—Slates, schists and quartzites. 


to 


Ww 


. Post-Cambrian Intrusives—Granite, pegmatite, diorite, gabbro. Also 
quartz veins. 

Cyanite is associated with all of the first three divisions except 
the Roan gneiss and with many of the pegmatite dikes and quartz 
veins of the fourth. 

The Carolina gneiss is composed of a great series of inter- 
bedded gneisses and schists, chiefly composed of quartz, varying 
amounts .of acid feldspar and either muscovite or biotite or both. 
At times either garnet or cyanite may be dominant minerals in 
the gneiss or schist and give it the name. The rocks are light or 
dark gray in color, have a fine grain, marked schistosity and, 
except for the larger crystals of cyanite and garnet, an even tex- 
ture. The original nature of this formation is in doubt but it 
probably consisted of igneous and sedimentary rocks. 

The “ granites” of Archean age consist of schistose granite of 
varying coarseness and color and of schist and granitoid gneiss 
derived from granite. Included in the granite rocks are local 





lenses 


found 
The 
consist 
series 
positic 
flows « 
been n 
the alt 
deposi 
The 
and ir 
sectio: 
are la 
ticula 
and t 
amou 
Oc 
in aci 
mass¢ 
Tt has 
a bas 
or ga 
W 
depos 
make 
form 
bunc 
or qu 
atten 
Cl 
tribu 
Cam 
quar 
occu 
5 Fe 
Carol 





1g a 
and 
1ere. 
ston 
anoa 


e in 
ocks 
»eks. 
d as 


Also 


<cept 
lartz 


nter- 
ying 
oth. 
ls in 
ht or 
and, 
tex- 
ut it 


te of 
neiss 
local 














CYANITE DEPOSITS OF NORTH CAROLINA. 663 


lenses of Carolina and Roan gneiss. Cyanite is occasionally 
found in areas of this type of granite. 

The Algonkian rocks of the middle and lower Piedmont Plateau 
consist of a great series of schistose volcanics and slates. This 
series is composed of ash and tuff of rhyolitic and dacitic com- 
position, volcanic breccia of rhyolitic and andesitic composition, 
flows of rhyolite and andesite and beds of shale all of which have 
been metamorphosed into schistose and slate-like rocks. Some of 
the altered rhyolitic masses and silicious tuffs contain interesting 
deposits of cyanite. 

The Cambrian metamorphosed sediments form scattered belts 
and irregular areas in the upper Piedmont Plateau and Mountain 
sections of the State. In their present condition these formations 
are largely schist, slate and quartzite, and some of them, par- 
ticularly the Brevard schist along the western edge of McDowell 
and the eastern edge of Buncombe counties, contain varying 
amounts of cyanite. 

Occurrence.—In all the deposits examined the cyanite occurs 
in acid gneisses or schists, either as disseminations or as rounded 
masses or lenses associated with quartz vein and pegmatite dikes. 
It has not been observed in an unaltered granite or associated with 
a basic rock suchas hornblende gneiss or schist, andesite, diorite, 
or gabbro. 

While one might give an elaborate classification of the cyanite 
deposits, it would seem sufficient for the present discussion to 
make two groups as follows: (1) disseminated deposits of cyanite 
forming irregular lenses in schistose rocks, and (2) pocket or 
bunchy deposits of cyanite occurring as lenses in pegmatite dikes 
or quartz veins. A more detailed classification than this has been 
attempted by some.® 

Characteristics——The disseminated deposits are widely dis- 
tributed in acid metamorphic rocks of Archean, Algonkian, and 
Cambrian age, and the pocket or bunchy deposits are confined to 
quartz veins and pegmatite dikes that are associated with and 
occur in rocks of the same age. 

5 Fessler, A. H., and McCaughey, W. J.: Cyanite as Found in Western North 


Carolina. Jour. Amer. Cer. Soc., vol. 12, pp. 32-36, 1929. 
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The metamorphic rocks have a well defined cleavage that strikes 
N. 30°—50° E. and dips steeply, at some places to the northwest 
and at others to the southeast. The quartz veins and pegmatite 
dikes generally follow the cleavage of the inclosing rocks. 

The cyanite crystals in the disseminated deposits vary in length 
from a fraction of an inch to 3 or 4 inches but average less than 
an inch. On weathered surfaces they often stand out in relief 
giving the rock a porphyritic appearance. They vary in color 
from blue through gray to colorless. These crystals are usually 
parallel to the cleavage of the inclosing rocks, but may cut across 
schistosity (Fig. 3). In the pocket or bunchy deposits in the 
quartz veins and pegmatite dikes the crystals range up to 6 or 8 
inches in length and lie in every position. They are deep blue in 
the center of the blades and gray or colorless along the edges. 

Examples of Disseminated Deposits—An interesting deposit 
of this type is located about 5 miles west of Smithfield, Johnston 
County, near the eastern limit of the crystalline area. The bed- 
rock of the region consists of acid schistose volcanics and slates of 
Algonkian age which have been strongly silicified. The cyanite 
occurs in a rock that ranges from almost pure quartzite to quartz 
mica schist. This rock contains veins and lenses of massive white 
quartz from a few inches to 5 or 6 feet wide which conform to the 
northeast strike of the rock cleavage. Cyanite associated with 
pyrophyllite occurs irregularly disseminated through these rocks 
in lens-like masses that vary from almost pure cyanite to barren 
rock. The cyanite crystals are light gray to colorless, have a 
maximum length of 2 inches, and lie in every position. 

In the Burnsville-Swannanoa area and its extension in Mitchell 
County, cyanite occurs abundantly disseminated as irregular lenses 
in the Carolina gneiss. ‘These lenses vary greatly in size, ranging 
from a few feet wide and 100 to 200 feet long to 4 mile wide and 
% mile or more in length. The lenses are aligned with the strike 
of the inclosing rocks and pass by gradations from portions rich 
in cyanite to barren country rock. Not only are they generally 
lenticular in outline as followed along the surface of the ground, 
but they also have a vertical lenticular structure. The large lenses 
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are commonly composed of a series of smaller lenses or bands 
which are rich in cyanite. Small cyanite-bearing quartz veins and 
pegmatite dikes from a few inches to 3 or 4 feet wide cut the 
larger lenses.° 

Deposits of disseminated cyanite are also found in areas mapped 
as granite. At Sioux on Cane River, 16 miles northwest of 
Burnsville, there is such a deposit in rocks mapped as Cranberry 
granite.“ These rocks are highly metamorphosed granite, with 
which are infolded small masses of Carolina and Roan gneiss. 
The cyanite body occurs at such an infold. The deposit is len- 
ticular in outline with its greatest elongation in a northwest 
direction, across the cleavage of the country rock. The deposit 
has an internal lenticular structure, consisting of lenses rich in 
cyanite along with barren rock. The small internal lenticular 
structure conforms to the strike of the country rock. Small 
masses of quartz and pegmatite materials are scattered through 
the deposit. 

Pocket or Bunchy Deposits——Cyanite deposits of this type are 
abundantly distributed through the Carolina gneiss of the Burns- 
ville-Swannanoa area and its extension in the mountain province 
of the State. They consist of small lenses from 3 to 8 feet wide 
and 10 to 100 feet long, associated with pegmatite dikes and 
quartz veins. In some lenses, cyanite occurs in crystallized peg- 
matitic material consisting of quartz, orthoclase, albite, and mica, 
in others it is associated with fine-grained pegmatitic material 
composed of intermixed granular quartz and feldspar and small 
sheets of mica, or in massive white vein quartz. These three 
variations pass by gradations from one to another, and doubtless 
represent stages in pegmatite formation. 

Deposits of this type are small and discontinuous, but inter- 
mittent outcrops may be traced along the same line of strike for 
2 or 3 miles. An interesting group of lenses of this type occurs 
along the edge of Burns Mountain about 4 mile east of Bandana, 
Mitchell County, where lenses of pegmatite dikes and quartz veins 

6 Keith, A.: Geological Atlas of the United States, Mount Mitchell Folio 124, 
1905. 


7 Geological Atlas of the United States, Roan Mountain Folio 151, 1907. 
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from 5 to 10 teet wide may be traced for a mile or more. Most 
of the lenses contain more or less cyanite and some of them are 
masses of almost pure cyanite. The schistose rocks surrounding 
each lens are commonly cyanite-bearing, with a much greater con- 
centration of cyanite near the pegmatite or quartz vein than a few 
feet away. Near one outcrop of this type is a shaft 36 feet deep 
in which are exposed four lenses of cyanite-bearing pegmatite. 
Each lens varies in width from 2 to 3 feet and in vertical length 
from 3 to 4 feet. Between lenses is a stringer of pegmatite 4 to 
6 inches wide. 

Mineralogy.—The disseminated deposits carry quartz, ortho- 
clase, albite, biotite, muscovite, magnetite, pyrite, and graphite as 
original minerals, and muscovite, garnet, cyanite, pyrophyllite, 
sericite, chlorite, and biotite occur as secondary ones. Muscovite 
of secondary origin occurs as coarsely crystalline flakes and 
elongated blades associated with garnet and cyanite. Garnet is 
abundant as crystals 4% inch and less in diameter, associated with 
cyanite and secondary muscovite. 

Cyanite varies in color from light blue through gray, white to 
colorless, has a specific gravity of 3.5 to 3.7, and a hardness of 
4 to 5 parallel to the crystals and 6 to 7 across them. It occurs 
as irregular crystals which vary from a fraction of an inch to 3 
or 4 inches long and seldom have well developed crystal ends. 

Pyrophyllite is found only in the deposit near Smithfield where 
it occurs as irregular flakes and needles closely associated with 
cyanite. The other secondary minerals sericite, chlorite, and 
limonite have been developed by weathering processes since the 
period of cyanite formation, and have no relation to its origin. 

The pocket or bunchy deposits found in quartz veins and peg- 
matite dikes consisted originally of quartz or quartz and ortho- 
clase. Secondary minerals observed in these deposits are albite, 
biotite, muscovite, garnet, cyanite, tourmaline, corundum, graphite 
and sericite. Albite is an important constituent of the pegmatite 
dikes, where it occurs in granular masses and as well defined 
grains and fragments up to 3 or 4 inches in diameter. 

The cyanite varies in color from deep blue through green, yel- 
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low, gray, white to colorless. It occurs as crystals which vary 
from a fraction of an inch to 8 to 10 inches long. 

Corundum of the deep blue variety was seen as crystals 4 inch 
in diameter embedded in large crystals of deep blue cyanite, but 
was not seen in thin section. 

Petrography.—A careful study of thin sections cut from the 
various deposits shows that the cyanite bodies have been formed 





in (1) quartzite and quartz mica schist associated with altered 
volcanics; (2) gneisses, schist and granitoid bands; and (3) peg- 
matite dikes and quartz veins. 

At the deposit 5 miles west of Smithfield, the quartzite and 
quartz mica schist contain as original minerals quartz and mus- 
covite. The first important change seems to have been the de- 
velopment of quartz veins, followed by the development of cyanite 
through the replacement of quartz. Cyanite was not observed in 
contact with muscovite in thin sections from this deposit, but 
every section studied shows cyanite replacing quartz (Fig. 2). 
Following the cyanite, small amounts of pyrophyllite were de- 
veloped in part by replacement of quartz, and in part by replace- 
ment of cyanite. 

The rocks, in which the cyanite of the upper Piedmont Plateau 
and Mountain sections of the State is found, consist essentially of 
mica gneiss and mica schist. These rocks are composed chiefly 
of quartz, muscovite, biotite, orthoclase, albite, and occasionally 
small amounts of magnetite and pyrite. Sections cut from lenses 
of cyanite-bearing gneiss and schist contain as secondary or later 
minerals muscovite, garnet, cyanite, sericite, and limonite. The 
minerals muscovite, garnet, and cyanite are closely related and 
apparently have been formed by replacement of the older minerals. 
Muscovite seems to have been formed first, as it has replaced the 
older minerals and in turn has been replaced by garnet and cyanite. 
Garnet and cyanite both have replaced the original minerals of 
the gneiss and schist and the muscovite, but their relations to each 
other were not definitely determined ; however, crystals of cyanite 
were observed containing fragments of quartz, biotite, muscovite, 
and garnet. Sections cut from different parts of the cyanite 
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bodies show every gradation from mica gneiss and schist to prac- 
tically pure cyanite. Small amounts of sericite were observed 
associated with feldspar and cyanite, and some chlorite and 
limonite were seen in several sections. The minerals sericite, 





Fic. 2. Photomicrograph of quartzite showing cyanite replacing quartz. 
Near Smithfield, Johnston County. X-nicols, X 50. 
Fic. 3. Specimen of gneiss showing cyanite with random orientation, 


Sioux, Yancey County. 


chlorite, and limonite were doubtless formed by later weathering. 

The quartz veins consist essentially of massive quartz partly 
replaced by muscovite and cyanite. The muscovite was seen only 
in small amounts, but had doubtless preceded the cyanite. In one 
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rac- or two cases small particles of graphite were observed embedded 
rved in quartz as well as deposited along fractures and openings. 

and The pegmatite dikes contain quartz, orthoclase, albite, mus- 
cite, covite, cyanite, and locally tourmaline, garnet, biotite, and varying 


amounts of rare minerals. Albite has apparently partly replaced 
orthoclase followed by the development of muscovite and garnet. 
Tourmaline has replaced quartz and the feldspars, but was not 
seen in contact with muscovite and garnet. The relations of the 
biotite and the rare minerals were not determined. The cyanite, 
however, has replaced quartz, feldspar, muscovite, and tourmaline 
indiscriminately. Graphite, in small amounts, was observed em- 





bedded in quartz, feldspar, and cyanite, and distributed along the 
cracks and cleavage planes in these minerals and in the schistose 
wall rocks of the deposits. This indicates that graphite was de- 
posited during the entire period of pegmatite formation but no 
information was obtained as to its source. Small amounts of 
sericite were also observed associated with the cyanite and feldspar 
in a few sections. It may have been formed by hydrothermal 
action, but since many of the feldspars are much weathered it is 
probably the product of later alteration. 


ORIGIN OF CYANITE. 


In considering the origin of cyanite the relations of the mineral 
bodies to the inclosing rocks, their shape and distribution, their 
mineral-composition, and the relation of the constituent minerals 
to each other have been taken into account. Developments of the 
deposits may furnish additional information that may call for 
rtz. other explanations, but those set down here seem to best fit the 
present available facts. 
ion, Earlier Theories—Cyanite is commonly classed as a mineral 
peculiar to metamorphic rocks, such as gneisses and schists, espe- 
cially paragonite schist. Phillips* states that it is produced by 


ng. aie : . : ‘ : 
metamorphic agents and is never found as a pyrogenetic mineral 
rthy aes = ‘ : an i 
i in igneous rocks. Emmons?” and Lindgren *® mention the occa- 
nly 
x 8 Phillips, A. H.: Mineralogy, p. 462, 1912. 
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9Emmons, W. H.: Principles of Economic Geology, p. 33, 1918. 
10 Lindgren, W.: Mineral Deposits, p. 712, 1919. 
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sional presence of cyanite in contact-metamorphic deposits, but 
Lindgren omits the reference in his third edition. Clarke ™ 
classes cyanite as a mineral of metamorphic rocks and states that 
we do not know the conditions under which it forms, but that 
temperature and pressure must be taken into account, and suggests 
that cyanite forms under great pressure. He also states that “ it 
is often embedded in quartz and has been reported in limestones.” 
Dana,"* Pirsson,’* Ladoo** and Kraus and Hunt all classed 
cyanite as characteristic of such metamorphic rocks as gneisses 
and schists. Winchell *® states that it occurs only in schists and 
in pegmatites cutting schists. Ries ** mentions the occurrence of 
cyanite in quartzite of Cambrian age in Virginia, and Bayley *® 
states that in Georgia it is “ an important constituent of crystalline 
schists that are metamorphosed Cambrian sediments and on the 
sides of quartz veins cutting them.” Fessler and McCaughey * 
attribute the origin of cyanite in western North Carolina to the 
assimilation of the country rock by pegmatites or to the pneu- 
matolytic action of the pegmatites on the country rock. 

Origin of North Carolina Cyanite—The field and microscopic 
evidence indicates that the cyanite deposits have been formed by 
metasomatic replacement of acid crystalline rocks, pegmatite dikes 
and quartz veins. Evidence that the cyanite has been formed by 
replacement is as follows: (1) gradational contacts between the 
cyanite bodies and the country rock; (2) internal lenticular struc- 
ture of the cyanite bodies in which layers and lenses of cyanite are 
associated with masses and lenses of the country rock containing 
little or no cyanite; (3) the development of cyanite in widely 





11 Clarke, F. W.: Data of Geochemistry. U. S. Geol. Surv. Bull. 695, pp. 406 
614-615, 1920. 

12 Dana, E. S.: Textbook of Mineralogy, 1921, pp. 526-527, 3d Ed. (Ford, 
W. E.). 

13 Pirsson, L. V.: Rocks and Rock Minerals, p. 352, 2d Ed. (Knopf, A.). 

14 Ladoo, R. B.: Non-Metallic Minerals, p. 304, 1925. 

15 Kraus, E. H., and Hunt, W. F.: Mineralogy, p. 315, 1928. 

16 Winchell, A. N.: Elements of Optical Mineralogy, Pt. II, p. 327, 192 

17 Ries, H.: Economic Geology, 6th ed., p. 414, 1930. 


Fe 


18 Bayley, W. S.: Non-Metallic Mineral Products, p. 382, 1930. 
19 Fessler, A. H., and McCaughey, W. J.: op. cit. 
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differing rocks such as (a) schistose quartzite and quartz mica 
schist, (b) gneisses and schists, and (c) pegmatite dikes and 
quartz veins; and (4) microscopic evidence of replacement (see 
Fig. 2). 

In the quartzite and quartz mica schist (Fig. 2) cyanite occurs 
as long needle-like or bladed crystals with pointed or blunt ends. 
These crystals may penetrate the larger quartz grains or may cross 
two or three smaller ones. The cyanite in the gneisses and schist 
occurs as stubby crystals which usually lie parallel to the other 
minerals. However, these crystals often replace the older min- 
erals and also contain fragments of them. In the quartz veins 
the crystals of cyanite penetrate or cut across quartz grains in 
every position. The cyanite crystals in the pegmatite dikes are 
usually bladed individuals with irregular ends that replace the 
older minerals indiscriminately. 

The following order of events is deduced: 

1. Metamorphism of the original rocks to quartzites, gneisses, 
and schists. 

2. A period of igneous activity during which the pegmatite 
dikes and quartz veins were formed. 

3. Development of albite in the pegmatites followed by the 
formation of muscovite, biotite, tourmaline, garnet, and cyanite 
by replacement of the older minerals in both pegmatite dikes and 
quartz veins. 

4. Development of (a) muscovite, (b) garnet, and (c) cyanite 
by replacement of older minerals in the schistose rocks. 

5. Development of graphite during the period of cyanite for- 
mation as indicated by its inclusion in quartz, feldspar, and 
cyanite, and its formation in the cracks and cleavage planes of 
these minerals and in the inclosing schistose rocks. 

6. A second period of metamorphism during which the cyanite 
deposits were mashed and their minerals crushed and folded. 

Source of Solution and Condition of Cyanite Formation —The- 
foregoing descriptions of the occurrence, distribution and petro- 
graphy of the cyanite deposits seem to indicate that they were 
formed by heated solutions acting in well defined local areas, and 
not by dynamic metamorphic processes. 
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The schistose volcanics and slates, and gneisses and schists of 
the eastern part of the Piedmont Plateau have been intruded in 
places by igneous rocks. These rocks furnished hot solutions 
which locally developed in the schistose country rock mineral de- 
pesits such as gold, copper, and pyrophyllite. A comparison of 
the cyanite deposit 5 miles west of Smithfield with the pyrophyl- 
lite deposits in the same group of rocks indicates that it belongs to 
the earlier stages in the same period of mineralization that formed 
the pyrophyllite. No igneous rocks were seen near the cyanite 
deposit but the indications are that it was formed by heated waters 
of igneous origin. 

The origin of the cyanite deposits in the upper Piedmont 
Plateau and Mountain sections of the State seems to be related to 
the pegmatite dikes of the region. Pegmatites are commonly 
considered as the end product of granite formation. Lindgren *° 
suggests that the probable relations seems to be :—granite grades 
into pegmatite dikes, these change to pegmatite quartz, and this 
into veins which often contain quartz and metallic ores. This 
gradation suggests that pegmatites may vary from consolidated 
magma to purely aqueous deposits. 

The pegmatite dikes of this region are of two types. The first 
type consists of a group varying from 10 to 50 or more feet in 
width and composed chiefly of quartz, potash feldspar, and small 
amounts of muscovite, mica, and other minerals. Pegmatites of 
this type are extensively worked for feldspar. Very few rare 
minerals are found in the feldspar mines and not a single deposit 
is known to contain cyanite. The second type consists of a group 
varying from a few inches to 8 to 15 feet in width and composed 
of a wide variety of minerals. This type contains quartz, feld- 
spar, and mica with such minerals as beryl, emerald, tourmaline, 
garnet, and columbite, as well as lenses and areas rich in cyanite. 

The first type probably represents a group of dikes which have 
consolidated from magmas, but the writer holds with Keith * that 
the smaller dikes “ appear to have been formed by deposition from 
mineralized waters after the manner of veins.” 

20 Lindgren, W.: Mineral Deposits, p. 94, 1928. 
21 Keith, A.: Geological Atlas of United States, Mt. Mitchell Folio 124, 1905. 
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Keith classes the muscovite, garnet, and cyanite in the gneisses 
and schists as secondary minerals, and believes that the pegmatites 
were formed between two great periods of metamorphism. Field 
and microscopic evidence gathered in the present investigation 
indicates that the cyanite, in the pegmatites and in the gneisses and 
schists, is of the same age and has undergone the same amount of 
metamorphism. 

Hess,**, Landes,” and Schaller ** have all recently pointed out 
that pegmatite formation often involves a long series of replace- 
ments. Schaller in a discussion of the California pegmatites 
holds that the development of pegmatite involves an original in- 
jection of quartz orthoclase magma followed by a series of high 
temperature replacements. He points out the following order: 
albite, muscovite, tourmaline, garnet, and lithium minerals. 

It is believed that the cyanite in lenses in pegmatite dikes, quartz 
veins, and adjoining gneisses and schists was formed by residual 
solutions accompanying the pegmatite formation. The cyanite 
in the pegmatite dikes and associated quartz veins was formed as 
one of the series of pegmatite replacements, while that in the 
gneisses and schists was probably formed by the metasomatic re- 
placement of these rocks by solutions given off by the pegmatite 
dikes and their parent magmas. It seems probable that the 
cyanite was formed under conditions of high temperature. 

Age of Cyanite—In the Kings Mountain * district the peg- 
matites seem to be genetically connected with the Whiteside 
granite, which is of late Carboniferous age. The exact source 
and age of the pegmatites associated with the cyanite-bearing 
schist in the Burnsville-Swannanoa area is unknown, but in areas 
farther southwest pegmatites have been developed in connection 
with the Whiteside granite, which is intrusive into the gneiss. 
Practically all the pegmatites are alike in shape and structure and 

22 Hess, F. L.: Natural History of Pegmatites. Eng. Min. Jour.-Press, Aug. 22, 
1925. 

23 Landes, K. K.: The Paragenesis of the Granite Pegmatites of Central Maine. 
Amer. Min., vol. 10, pp. 355-411, 1925. 

24 Schaller, W. T.: The Genesis of Lithium Pegmatites. Amer. Jour. Sci. (5), 
vol. 10, pp. 269-279, 1925. 

25 Keith, A., and Sterrett, D. B.: op. cit., pp. 123-146. 
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apparently have suffered the same amount of metamorphism. 
This, together with the fact that some of the pegmatites are known 
to be of Carboniferous age, indicates that age for all the peg- 
matites and the associated cyanite. 


OPERATIONS AND SUPPLY. 


During the past two or three years considerable interest has 
been shown in North Carolina cyanite, and a number of deposits, 
both those found disseminated in schist and those associated with 
quartz veins and pegmatite dikes, have been prospected. There 
is, at present, no commercial production of concentrated cyanite in 
the State, but one company has built a test plant near Burnsville, 
Yancey County, where concentration tests are being made. 

Attention was at first directed to the pocket or bunchy lenses 
associated with quartz veins and pegmatite dikes because of their 
large, attractive crystals. Prospecting has shown that these de- 
posits, although rich in cyanite, are small and widely scattered, 
and interest has turned to the deposits disseminated in gneiss and 
schist. These deposits contain from 5 to 50 per cent. of cyanite, 
with an average of about 20 per cent. Due to the close associa- 
tion of the cyanite with quartz, garnet, and micas, fine grinding 
is necessary in order to produce a clean product, but practical 
tests indicate a recovery of I1 to 14 per cent. of pure cyanite. 
Prospecting has been carried on for the purpose of determining 
richness of the deposits, rather than tonnage of cyanite-bearing 
rock, but all available information indicates that the supply is 
large. 


Nort Carotina STATE COLLEGE, 
RALEIGH, N. C. 
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DISCUSSION AND COMMUNICATIONS 





MOUNTING POLISHED SURFACES IN BAKELITE 
PHILIP KRIEGER anp PAUL H. BIRD 


SHortT’* describes two methods of mounting polished surfaces 
for study with the metallographic microscope: (1) the process 
employed in the laboratory of the United States Geological Survey 
of mounting in rectangular brass containers with sealing wax, and 
(2) the more elaborate method developed at Harvard University, 
employing a special hydraulic press with heating units for mount- 
ing in solid bakelite. j 

Brass mounts have been used for a number of years at Co- 
lumbia University. It has been found, however, that the wax 
in which the specimens are embedded has a tendency to swell and 
disintegrate at ordinary room temperature, particularly if exposed 
to sunlight. This often destroys the specimen for practical use 
and necessitates remounting. Another objectionable feature of 
this method is the tendency of the sharp corners and edges of the 
brass container, unless they are first beveled, to tear the linen 
covering of the lap while polishing. 

The process of mounting polished surfaces in solid bakelite, as 
employed at Harvard University, is undoubtedly one of the best 
methods in use at the present time. The cost of special apparatus, 
however, such as a hydraulic press with heating units, and the 
rectangular molds, is too great to permit its general use. 

A simple and effective method of mounting specimens in solid 
bakelite has been developed in order to eliminate the necessity of 
2 


the brass mounts and to avoid the expense of special apparatus. 


1 Short, M. N.: Microscopic Determination of the Ore Minerals. U. S. Geol. 
Survey Bull. 825, pp. 7-10, 1931. 
2 Professor Paul F. Kerr, of Columbia University, has suggested a number of 
points in the technique described and has codperated in developing the equipment. 
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The method employs a three-piece circular mold such as that 
shown in Fig. 1. The mold consists of (1) a base, (2) a sleeve, 
and (3) a plunger. The base is 2% inches in diameter and % 
inch thick, with a center having the same diameter as the plunger 
raised 1 inch above the main part of the base. The sleeve is a 
cylinder 2 inches long with an inside diameter of 1% inches and 
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Fic. 1. Drawing of the steel mold used for mounting polished surfaces 
in solid bakelite. 


an outside diameter of 134 inches. The plunger is 234 inches 
long and 1% inches in diameter. The base is machined from 
steel stock and is not hardened. The remaining parts are ma- 
chined to approximate dimensions, case hardened, and ground 
to a proper fit. The plunger should have a clearance of not more 
than .oo1 of an inch. The raised portion of the base; the inside 
of the sleeve; and the outside of the plunger require a very 
smooth finish to prevent the bakelite from adhering to the steel 
while being pressed into shape. If the parts are first smoothly 
machined and then polished, removal of the mount from the mold 
following pressing is facilitated. A mold of the type just de- 
scribed can be made in any modern machine shop in a few hours. 
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It is sometimes desirable to mount a specimen without the ap- 
plication of heat, particularly in the case of minerals having a 
low inversion point. In such cases it is a simple matter to mold 
a cavity in the bakelite mount. The specimen may be later ce- 
mented into the cavity without heating. This can be accomplished 
by placing a polished, tapered disc on the bottom of the mold in 
place of the specimen. A convenient size for this disc is %4 inch 
thick by 7£ inch in diameter at one end and 1 inch in diameter 
at the other end. The large end is drilled and tapped to % inch 
U. S. standard thread so that an ordinary bolt may be screwed 
into the disc to serve as a handle in removing it from the bakelite 
mount. The specimen is shaped to approximately fit the cavity 
and then mounted with plaster of paris or household cement. 

A substantial rock-chipping machine from which the splitting 
jaws have been removed serves well for a press. If such a 
machine is not available a strong machinist’s vise will serve 
equally well for applying sufficient pressure to mold the bakelite 
into a hard, compact mass. 

Before the specimen to be mounted is placed in the mold, the 
latter should be heated on a hot plate for a few minutes at a tem- 
perature of approximately 140° C. While the mold is being 
heated the specimen can be cut to a suitable size and a flat surface 
prepared for polishing. The specimen is then slightly warmed 
on the hot plate and placed face down within the mold. Pow- 
dered bakelite is then sprinkled over the specimen until the mold 
is filled to within 1% to 34 of an inch from the top of the sleeve. 
The mold, with the included specimen and bakelite, is then heated 
at 140° C., until the powder becomes sticky and the particles 
adhere to each other. This usually requires from three to five 
minutes, depending on the amount of material used. In order to 
insure uniformity in the thickness of the mounts it is desirable 
to use a small measuring cup for determining the amount of 
powder for each mount. 

After the powder has been heated sufficiently the plunger is 
inserted in the mold and pressure applied. The material is al- 
lowed to remain under pressure for at least five minutes, after 
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which it can be removed and the specimen polished in the usual 
manner. 

Powdered bakelite is manufactured in a variety of grades and 
colors by the Bakelite Corporation, Perth Amboy, New Jersey, 
and is sold under the name of Phenol Resinoid Molding Material. 
The most satisfactory results for mounting polished surfaces 
were obtained with grade A.M. 193-black. This appears to have 
a slightly lower melting point than some of the other grades of 
bakelite. 

The cost of molding material for mounting specimens in this 
manner does not exceed one cent per mount. This method of 
mounting, therefore, is more economical than in the case of the 
brass holders. The bakelite mounts are, in most instances, a more 
convenient size for study under the microscope. They have a flat 
base that does not require continual change of focus while study- 
ing different parts of the same specimen under high magnification 
and also permit a greater vertical range for study with low power 
objectives than the thicker brass mounts. 


DEPARTMENT OF GEOLOGY AND MINERALOGY, 
CoLuMBIA UNIVERSITY, 
New York City. 


ORIGIN OF BAUXITE DEPOSITS. 


Sir:—Recalling the excellent description and careful study of 
the Arkansas bauxite deposits given by Mead* and having re- 
cently visited these deposits in the company of Professors Charles 
Palache and K. K. Landes, the writer was greatly interested to 
find in recent literature two articles * which bear on the origin of 
bauxite deposits, especially such as have wide and essentially hori- 
zontal extent. 

Stejskal explains the famous Karlsbad china clays as an altera- 


1 Mead, W. J.: Occurrence and Origin of the Bauxite Deposits of Arkansas, 
Econ. GEot., vol. 10, pp. 28-54, 1915. 

2 Stejskal, Jan: Lagerstatten feuerfester Rohstoffe in der Tschecho-Slowakischen 
Republic. Zeit. prakt. Geol., vol. 39, pp. 129-131, 1931. Freise, F. W.: Bauxit- 
lagerstatten im Brasilianischen Staate Minas Geraes, Bildung von Bauxitlagern in 
der Gegenwart. Metall. u. Erz., vol. 28, pp. 501-503, 1931. 
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tion of granite beneath coal swamps, and though details are not 
given as fully as might be desired, the following facts indicate the 
general nature of this change: as the kaolin is followed downward 
it becomes less and less clayey and finally passes gradationally into 
true granite; those granite masses that stood up above the coal 
basins are not kaolinized ; the excess silica developed by kaoliniza- 
tion apparently forms dense, vein-like masses in the kaolin and has 
attacked the granite “ foot-wall ’’; a thin “ quartzite” (apparently 
sedimentary) sporadically separates the kaolin from the overlying 
coal and where “ quartzite’”’ is absent, the kaolin is purest. 
Stejskal concludes that the kaolin was formed during the car- 
bonization of the plant remains. One may ask with reason, was 
it not contemporaneous with the accumulation of vegetation, and 
does it not represent the leaching effect of “humic acid”? 
Nearby there are also reworked sedimentary kaolins, similar in 
origin to the sedimentary bauxites recognized in Arkansas. 

Freise, in speaking of the largest Brazilian bauxite deposits in 
Minas Geraes, which occur at the contact between hematitic sand- 
stone (itabirite) and the subjacent impure slate, explains the 
bauxitization as the result of surface waters which contain two 
kinds of acid: (1) “ humic acid” (including lactic acid) from the 
decay of vegetation, and (2) sulphuric acid from oxidation of 
pyrite in the overlying itabirite. Lactic acid is shown to be an 
especially effective agent of decay, and the author promises further 
publications discussing solution agents and confirming his siate- 
ment that aluminum is the least soluble of the metals under these 
conditions. 

This and the preceding case, differing in end-products (perhaps 
for reasons already anticipated by Mead *), may well shed light on 
the origin of the Arkansas residual bauxites. It will be recalled 
that Mead assigned the bauxite to the decay of the nepheline 
syenite which everywhere forms the floor of the deposit. It has 
been mentioned in his and earlier work that the deposits are largely 
covered by Tertiary sediments and that these are in part lignitic. 
I did not realize, however, until I visited the area, that the lignites 


3 Op. cit., p. 51. 
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in many places (wherever I saw the overlying beds, in fact) 
directly succeed the bauxite. The sequence is well exposed in 
the pits of the Republic Mining Company, near Bauxite and 
Detonti. The question had often arisen in my mind, if the 
bauxite lies between syenite and Tertiary marine and terrestrial 
deposits, why was it not swept away in Tertiary times by ordinary 
erosive processes before the deposition of the overlying sediments ? 
The answer is simple: the first Tertiary sediments accumulated on 
a very flat land surface, essentially a swamp; this is attested by the 
lignite beds. Much of the bauxite that accumulated before this 
sedimentation was not subjected to active erosion. 

In view of the overlying lignite and of the observations and 
suggestions by the European writers cited, the question may well 
be raised whether continued alteration of the syenite has not taken 
place in the time following Tertiary sedimentation and even today 
(as suggested by Freise). In the modern pits alumina is being 
actively transferred and locally redeposited by sulphate waters 
apparently resulting from the oxidation of iron sulphides in the 
lignite. The aluminum sulphate appears as a crust in many mine 
openings. It is also possible that “ humic acid” from the Ter- 
tiary swamp waters may have been instrumental in contempo- 
raneous solution and alteration of the syenite, as suggested by 
Stejskal. 

These suggestions must be taken with reservations. They 
represent no very marked departure from the ideas of Mead, ex- 
cept in so far as there is recognized the possibility of a continual 
accumulation, even down to the present. Published data are not 
yet available to test the hypothesis. An adequate test will lie in 
the proven or probable continuity of the lignite above the bauxite. 
The presence of sedimentary bauxite beds nearby shows clearly 
that considerable bauxite was formed before the lignite cover. 

Obviously the suggested process can not have operated at all on 
deposits having a linear areal extent and great depth, like those of 
Tennessee. 

C. H. Bewre, Jr. 

NORTHWESTERN UNIVERSITY, 

EvaANsTON, ILLINOIS. 
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REVIEWS 





Erd6él: Allgemeine Erddlgeologie und Ueberblick iiber die Geologie 
der Erdélfelder Europas. By O. Srurtzer. Pp. 628, figs. 199. 
Gebriider Borntraeger, Berlin, 1931. Price, 62 Rm. 


Erdol is of the nature of a handbook. Its first part, 395 pages, is de- 
voted to general discussion. It includes a brief account of the chemical 
and physical properties of petroleum and kindred substances, and _fol- 
lowing this discusses the following topics: the classification of petroleum 
and its various products; the kinds of rocks in which it occurs; its 
supposed migrations; the structures in which it is trapped and the con- 
ditions under which the trapping takes place, illustrating each type with a 
section, mainly of some American occurrence (102 pages) ; the associates 
(gas, sulphur, and water) of petroleum, including a rather full discussion 
of the composition of associated water; surface indications of underlying 
oil; the influence of oil pools on isogeotherms; theories of oil origin (50 
pages) ; oil and gas seepages, wells and oilfields; the estimation of under- 
ground supplies, and general features of bore holes. 

Most of the data in this part of the book and most of the figures illus- 
trating it are taken from United States sources. They are familiar to 
American readers, but should have value to geologists in other continents 
than North America, particularly since the author’s statements and con- 
clusions are reinforced by abundant references. 

The second part of the volume, comprising 147 pages, is especially 
interesting. This is a description of the oil-producing districts in Europe, 
including Russia, Rumania, Poland, Germany, France, Czechoslovakia, 
Italy, Jugoslavia, together with a few notes on oil prospects in Albania, 
England, Spain, Holland, and Hungary. An outline of the geology of the 
oil-producing districts in each country is given, with special reference to 
stratigraphy and structure. The book is abundantly illustrated with 
sketch maps and sections and has two very complete indexes—a place 
index of over 1700 names and a general index (“ Sachregister”’) of over 
7000 entries and a mu¢éh greater number of page references. 

The volume should be of value to all persons interested in petroleum 





geology. 
W. S. BayLey. 
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Outline of Methods for Estimating Ground-Water Supplies. By O. 
FE. Meinzer. Pp. 46. U.S. Geol. Survey, Water Supply Paper 638-C. 
Washington, 1932. 


In this paper the excellent fundamental work of the Division of Ground 
Water of the U. S. Geological Survey is again exemplified. The publica- 
tion summarizes in a readable fashion the most recently developed as 
well as the earlier methods for estimating the yield of aquifers, the kinds 
of methods that are recognized being three—intake, discharge, and water- 
table (or storage). The intake methods are especially unsatisfactory in 
regions of torrential rainfall and intermittent drainage, and since it is 
especially in such regions that water yield of underground reservoirs 
becomes important, possible substitutes are indicated. These include (1) 
estimates of the total recharging from the known precipitation, (2) esti- 
mates of the total discharge from observed springs that represent an 
overflow, and (3) estimates of total discharge from surface evaporation 
and transpiration by plants. Storage methods of various sorts are also 
applicable. 

It is, however, not so much as a single summary of available methods 
for estimating supplies that this paper is valuable, as in its critical dis- 
cussion of the qualitative factors to be considered in making such esti- 
mates. For example, the author deals carefully with the dependability 
of well records as indicators of the water in storage, considering not 
only the effect of precipitation but the loss through plant absorption under 
varying conditions, the effect of variations in mode of precipitation, and 
the like. 

Particularly valuable in this publication are the sections that summarize 
the writer’s experienced viewpoint, such as the section on “ Storage meth- 
ods applied where use has become large”; here the complementary na- 
ture of natural discharge and pumpage—a consideration frequently ig- 
nored—is duly developed. Another useful section is that which treats of 
rock formations as conduits. In short, this suggestive work is strongly 
recommended not only to specialists in the field but also to those who are 
less well acquainted with the qualifications that must be recognized in 
the practical estimating of reserves of ground-water. 

Cuas. H. Benue, Jr. 





NORTHWESTERN UNIVERSITY, 
Evanston, Iti. 

Die Feldspate und ihre praktische Bestimmung. By K. Cuupopa. 
Pp. 54, pls. 4, figs. 46. Schweizerbart’sche Verlagsbuchhandlung, 
Stuttgart. 1932. Price, 6 Rm. 

The discussion of the feldspars in most petrographic text-books is so 
full that it often confuses the student who needs merely to understand 





their nat 
determin 


applicabl 
has colle 
value to 
universa 
The b 
graphs. 
in the d 
a knowl 


The La 
Willi 
This 

structed 

ocean, ¢ 
rative © 
places % 
esting | 
worthy 
tragedy 
delight: 


Weath 
Pp: 
Mate 
This 

furthe: 

are in 
Struct 
Natur: 
Aggre 
Mater: 
are Co 
stones 
deal w 
clay p 





oO< Fh 





REVIEWS. 683 


their nature and the most convenient methods by which they may be 
determined. Many of the methods of optical mineralogy are not easily 
applicable to the study of feldspars in thin sections of rocks. The author 
has collected in this little volume all the methods that are of practical 
value to the petrographer. Twenty pages are devoted to the use of the 
universal stage with parallel light. 

The book is well illustrated with diagrams and contains a few photo- 
graphs. The author has done a favor to those who are interested rather 
in the determination of the feldspars occurring in thin sections, than in 
a knowledge of all their characteristics. 


W. S. BAYLEY. 


The Last Cruise of the Carnegie. By J. H. Paur. Pp. 331, figs. 108. 
Williams & Wilkins Co., Baltimore, 1932. Price, $5.00. 


This unique square-rigged, non-magnetic observation ship was con- 
structed by the Carnegie Institution to obtain geophysical data over the 
ocean, and it served the purpose well. The book, although called a nar- 
rative of the cruise, is an entertaining discussion of many out-of-the-way 
places and peoples of the earth, with which is interspersed much inter- 
esting scientific data gathered during the cruise. The illustrations are 
worthy of the National Geographic Magazine. Humor, thrill, and 
tragedy alternate with interesting experiences and natural history. It is 
delightful reading. 


Weathering Characteristics of Masonry Materials: A Symposium. 
Pp. 128. Vol. 31, Pt. II, Proceedings, American Society for Testing 
Materials, 1315 Spruce St., Philadelphia. Price, 60 cts. 


This symposium emphasizes those aspects of weathering which require 
further research. The following papers on various forms of weathering 
are included: Masonry Decay, by H. S. Brightly; Concrete in Exposed 
Structures, by E. Viens; Structural Clay Products, by J. W. McBurney: 
Natural Building Stones, by G. F. Loughlin; Slate, by C. H. Behre, Jr. 
Aggregates, by L. O. Hanson. Test Procedures for Various Masonry 
Materials, and a Bibliography and Abstracts on Weathering of Masonry, 
are contributed by various authors. The weathering of natural building 
stones and slate are extensively discussed. Three of the included papers 
deal with the important subject of weathering tests, and tests for concrete, 
clay products and stone are concisely given. 











BOOKS RECEIVED. 
By 
DAVID GALLAGHER. 


Petroleum Development and Technology, 1932. Pp. 506. Petrol. 
Div. Amer. Inst. Min. and Met. Eng. Papers and discussions pre- 
sented at Houston, 1931, and at New York, 1932. 

The Clay and Shale Resources of Turner Valley (Alberta) and Nearby 
Districts. By W. G. Worcester. Pp. 126, pls. 8, figs. 29. Canada 
Dept. of Mines, Mines Branch, No. 729. Ottawa, 1932. Price, 20 
cts. 

Canada Geol. Survey, Summary Rept. 1931, Pt. A. Pub. No. 2305. 
Pp. 120, figs. 8. Ottawa, 1932. Contains: The Mining Industry of 
Yukon, 1932, by H. S. Bostock; Bowser River Area and North Part 
of Portland Canal Area, B. C., by G. Hanson; Nimpish Lake Quad- 
rangle, Vancouver island, B. C., by H. C. Gunnine; H. P. H. 
Group, Nahwitti Lake, Vancouver Island, B. C., by H. C. Gun- 
NING; Part of Cadwallader Creek Gold Mining Area, Bridge River 
District, B. C., by W. E. Cocxrrietp; Oil Possibilities between Soda 
Creek and Quesnel, Cariboo District, B. C., by W. E. CockFieLp; 
Mineral Resources of Northern Okanagan Valley, B. C., by C. E. 
CarrnEs; Borings for Water, Oil, and Gas in British Columbia, by 
W. A. JOHNSTON. 

Oil and Gas in Eastern Canada. By G. S. Hume. Pp. 187, pl. 1, 
figs. 20. Canada Geol. Survey, Econ. Geol. Ser. 9. Pub. No. 2294 
Ottawa, 1932. Price, 30 cts. 

Gold Occurrences of Canada: Summary Account. By H. C. Cooke 
AND W. A. Jounston. Pp. 61, figs. 9. Canada Geol. Survey, Econ 
Geol. Ser. 10, Pub. No. 2309. Ottawa, 1932. Price, 20 cts. 

Canada Geol. Survey, Summary Rept., 1931, Pt. C. Pub. No. 2308. 
Pp. 93, figs. 6. Ottawa, 1932. Contains: Oxford House Area, 
Manitoba, by J. F. Wricut; Pelican Narrows Area, Saskatchewan, 
by J. Sarrerty; Rankin Inlet Area, West Coast of Hudson Bay, 
by L. J. Wrerxs; Great Bear Lake-Coppermine River Area, Macken- 
zie District, N. W. T., by D. F. Kipp; Metalliferous Mineral Possi- 
bilities of the Mainland Part of the North West Territories, by C. 
F,. StocKWELL AND D. F. Kipp. 

Canada Geol. Survey, Summary Rept., 1931, Pt. D. Pub. No. 2306. 
Pp. 58. Ottawa, 1932. Contains: Asbestos Deposits of Thetford 
Area, Quebec, by H. C. Cooke; Recent Mining Developments in 
Southern Quebec, by H. W. Farrpairn; Salt Deposits of Nova 
Scotia and New Brunswick, by G. W. H. Norman; Mineral De- 
posits at New Ross, Indian Path, Middle River, and Meat Cove, 
N. S., by E. A. Goranson; Borings in Ontario, Quebec, and the 
Maritime Provinces, by W. A. JoHnstTon. 
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SCIENTIFIC NOTES AND NEWS 





George H. Garrey is in Denver, Colorado, recovering from the effects 
of an automobile accident near Pioche, Nevada, which resulted in frac- 
tured ribs and an injured spine. 

Warren S. Smith will soon return to this country after two years of 
work in Russia on the geology of the Magnitogorsk iron deposits. 

Sydney H. Ball, of New York City, has been spending a month on the 
Pacific Coast in professional work. 

O. H. Hershey and W. H. Blackburn have been looking over tin pros- 
pects in New Mexico for the Bradley interests. 

Ralph Arnold has returned to Los Angeles after a 15,000 mile trip 
covering the principal gold camps of the West. 

O. H. Hershey, working for the Bradley interests, lately spent several 
weeks in the Slate Creek district, Washington, where they are drilling 
the Leadhill and Brown-LaFors claims. 

Shigeyasu Tokunaga, professor of geology at Waseda University and 
Tokyo Imperial University, has been in the United States, visiting New 
York City and some of the California gold mines. 

L. L. Fermor, associate editor of this journal for India, has been ap- 
pointed Director of the Geological Survey of India; he is also serving as 
president of the Indian Science Congress for this year. 

Guy N. Bjorge has been engaged for several months in special work 
for the Homestake Mining Company at Lead, S. D. 

F. G. Clapp, while on a recent visit to Texas, addressed a meeting of 
the Houston Geological Society. 

James R. Finlay was engaged during the summer in making mine 
valuation surveys for the State of Arizona. 

W. T. Nightingale has been conducting geological work for the Ohio 
Oil Company for some months in the State of Washington. 

Basil Prescott has been examining mine properties in California 
recently. 

Eugene Stebinger, of the Standard Oil Company of New Jersey, has 
moved his headquarters in Argentina from Buenos Aires to Salta. 

Roy G. Mead, of Los Angeles, is in Lower California examining the 
Moro Hermosa magnesite deposit near San Cristobal Bay. 

Edgar H. Wells, who has been engaged with others on a report of the 
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oil and gas resources of New Mexico, has now completed the bulletin, 
which will be off the press before December. 

V. H. Gottschalk of the U. S. Bureau of Mines, Metallurgical Division, 
is now chief of the section on special problems, with headquarters at 
Pittsburgh, Pa. 

The Petroleum Division of the A. I. M. E. held a fall meeting at Ponca 
City, Okla., September 30 to October 1. One day was devoted to a dis- 
cussion on rationalization, and eight papers were presented the second day. 

Frederick H. Hatch, of the University College, London, and the Uni- 
versity of Bonn, a past president of the Institution of Mining and Metal- 
lurgy, died in London on September 21, aged 68. 


George I Adams, professor of geology and mineralogy at the Uni- 
versity of Alabama, died at Tuscaloosa, on September 8, aged 61. 

Ulysses Sherman Grant, professor of geology at Northwestern Uni- 
versity since 1899, and assistant state geologists of Minnesota from 1893 
to 1899, died recently in Chicago, aged 65. 

James A. Shepherd, assistant manager of the Roan Antelope Copper 
Mines, Northern Rhodesia, died recently at Luanshya, aged 43. 





Copies of books mentioned under “ Reviews” or under our “ New Book List” 
(see advertisement page) may be purchased through our Journal Bookshop by 
writing to W. S. Bayley, University of Illinois, Urbana, III. 

The recently published 20-volume index (336 pages) of Economic Grotocy for 
1905 to 1925, compiled by J. M. Nickles, may be obtained for $3.00 from W. S. 
Bayley, University of Illinois, Urbana, IIl. 








